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or Walnut Street, she'll always have that fresh, 
youthful, well-dressed look in the new rim-free Royal 
Crestline. Six choices of subtle, vibrant shades in 
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common 
“outer eye” 
disorders 


lergic blepharitis, traumatic 
ergic conjunctivitis, 
iscleritis) 


(foreign bodies, 


burns, 
inflammatory  gbrasions, 
(acute catarrhal lacerations) 
conjunctivitis, 
ulceration, 
meibomitis, keratitis) 


consistently respond to 
topical therapy with 


METIMYD 


ophthalmic suspension 
prednisolone 0.5% plus sulfacetamide sodium 10% 


ointment with neomycin 0.25% 


Tissue destruction is halted, healing is set in 
motion by the anti-inflammatory, antiallergic 
action of prednisolone and the antimicrobial 
property of sulfacetamide sodium combined 

in METIMYD Suspension...and for an even wider 
spectrum of antibacterial effectiveness, 
neomycin sulfate is added in METIMYD Ointment, 
the ointment form assuring sustained therapeutic 
action through the night. 
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NEW FRONTIERS 
IN BIOMICROSCOPY 


All the features of the Bausch & Lomb 
Thorpe Slit Lamp serve to speed and clarify 
diagnosis. Sensitive controls and “‘click-set” adjustments 


are combined in such ways as to synchronize focus of 
microscope and slit for precise advantage. 


It is an instrument second to none in optical quality, in 
illumination, in smooth-as-silk mechanical operation. 


For literature or a demonstration, contact your authorized 
B&L ophthalmic instrument dealer, or write: 

Bausch & Lomb Optical Co., Dept. F-068, 

Rochester 2, New York. 
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by George E. Arrington, Jr., M_D. 


Associate in Ophthalmology, Mediéal College of Virginia, Richmond, Virginia 


nA HISTORY OF OPHTHALMOLOGY provides an over-all view of 
ophthalmological progress through the ages. With scholarship and 


originality the author traces the thinking, of men known and unknown, 
that has made possible the technological advances of this science. Man’s 
search for understanding of vision and its preservation is shown effec- 
tively in its relation to the history Of civilization. The content of this 
book ranges from the period of prehistorical ophthalmology to the 
present day. In emphasizing the effect of related sciences, philosophy, and 
human culture upon ophthalmology, Dr. Arrington offers new insight 
into his subject. Appropriaté attention is given the ascendancy of modern _ 
ophthalmology including anevaluation of its current trends in the light 
of the future. It is a book of interest to ophthalmologists, general prac- 
titioners, and students, 

This volume is one of @ series devoted to the histories of various 
specialiies and facets of medicine. Félix Marti-Ibaiiez, M.D,, who wrote 
the foreword to A HISTORY OF OPHTHALMOLOGY, is the Edi- 
torial Director of the séries, which includes books on Public Health 
and Neurology. 


192 PAGES / $4.00 / CLOTH BOUND 
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YOUR NEW orrice-<[ 000% 


Let’s discuss the problems inherent in the design 
and instrumentation of a modern ophthalmic of- 
fice. While the individual decisions will vary greatly 
with the needs and predilections of any one man, 
the elements to be considered are essentially the 
same for all, The first consideration is that of the 
space itself. Following are some of the more im- 
portant considerations in determining the size and 


conformation of your space. 


How many refracting lanes do you 
need? 


® Do you wish 20 foot refracting lanes? 


Can your refraction room be made 
lightproof? 
Are the light control switches access- 


ible from your position by the pa- 
tient? 


© Does your nurse do visions or fields? 
* Do you prefer a consultation room 


separate from your refraction room? 


© Do you want refraction, fields or treat- 
ve in the same room? 

° you space appointments suffic- 
to a waiting room and 
drop area? 

© Is the space so designed that your 


nurse can adequately control the flow 
of traffic? 


© Can you move from room to room 


without being exposed to the recep- 
tion room? 


® Do you have a door to enter and leave 


privately? 


In our experience, an efficient office for one man 
requires from 600-700 square feet. Allow roughly 
25% more space for a second Ophthalmologist. If 
the second man is not an Ophthalmologist, allow 


50% more space. 


Now you have selected and designed your space. 
Follow 


How should you best equip it? 


ing is a list 


of some decisions you should make: 


*® Do you want a wall chart or projector? 
Do you like your slit-lamp mounted 
on an ophthalmic unit stand or a 
floor table? 


Will you use both a trial set and a 
refractor? 


What type of diagnostic instruments 
do you require? 


© Where will you place them? How 
will you store them? 


© How important is fine field equipment 
to your practice? 


© Will you use an electric or hydraulic 
chair—or neither? 


A careful we of all the factors involved in this 


problem shoul 


effect a saving in instrument ex- 


pense, provide better equipment for your needs and 
a greater utilization of your time, We will be pleased 
to assist you in any way in designing and equip- 
ping your office. 
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So easy to tell when 
*. you have a reading 
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PRISM TOUCHES THE 
CORNEA WITHOUT PRESSURE 


NOW AVAILABLE IMMEDIATELY 


...the Aplanation Tonometer 


FOR YOUR GOLDMANN SLIT LAMP 
® Measures intraocular pressures with great accuracy. 
® Direct readings in mm Hg. 
@ Lets you make tonometric measurements with patient seated and with almost as 
little disturbance to patient as normal slit lamp procedure. 
A valuable addition to your Goldmann Slit Lamp, the Aplanation Tonometer 


0.5 mm Hg. Massage effect is reduced, permitting consecutive measurements with 
Haag-Streit, Switzerland. 


measures the force required to flatten a corneal surface of constant size. Volumetric 

consistent precision. Designed by Prof. H. Goldmann; precision-manufactured by 
Write 

Moses, 


displacement is only 2% or less. Accuracy is exceptional; average error is about + 


or article on the Goldmann Aplanation Tonometer written by Robert 
D., reprinted from December 1958 American Journal of Ophthalmology. 


che of Vision ™: 


137 NORTH WABASH e¢ CHICAGO 2, ILLINOIS 


12/ 


2 3 
E-232 E-233 


E-8! £82 E83 £84 


E-90 £-95 E-96 


£-97 
E-244 thru 


STORZ DUREDGE STAINLESS STEEL EYE KNIVES 
Special Alloy Cutlery Stainless Steel 


The grain structure of this alloy steel is dense and A. will hold a keen edge. Improved 
methods in hardening, tempering and honing plus this new Stainless “Steel ave resulted in a 
superior knife. 
E- 81* Cataract Knife, VON GRAEFE: 25mm x |.5mm. $10.00 
E- 82* Cataract Knife, VON GRAEFE: 27mm x 1.7mm. 10.00 
E- 83* Cataract Knife, VON GRAEFE: 30mm x 2mm. 10.00 
E- 84* Cataract Knife, VON GRAEFE: 33mm x 2.3mm. 10.00 
E- 85* Cataract Knife, VON GRAEFE: 35mm x 2.5mm. 10.00 
E- 88* Cataract Knife, Duredge: a straight back medium size cataract knife 

with wafer thin blade for extreme sharpness and easy penetration. 15.00 
E- 90* Knife, Discision, WHEELER: Imm x 18mm blade. 12.50 
E- 95* Knife Needle, ZIEGLER: 5mm. 11.50 
E- 96* Knife Needle, ZIEGLER: 6mm. 11.50 
E- 97* Knife Needle, ZIEGLER: 7mm. 11.50 

STORZ DUREDGE ‘Stainless Steel Keratomes 

E-230* Keratome, JAEGER: size 0, angled, 8mm x 9!/2mm. $10.00 
E-231* Keratome, JAEGER: size |, angled, 9'!/2mm x 10.00 
E-232* Keratome, JAEGER: size 2, angled, Iimm x 12!/mm. 10.00 
Keratome, JAEGER: size 3, angled, 12!/2mm x |4mm. 10.00 
-244 


Keratome, CASTROVIEJO: blade 13mm x 4mm, parallel portion of blade is not sharp. 11.00 


Storz Duredge Stainless Steel and Duredge Carbon Steel cataract knives and keratomes 
- not imported, they are made only in our factory in St. Louis. All of our re-sharpen- 
is also done in our own factory. 
‘e do not utilize outside facilities for re-sharpening any eye knives. 
* Designates STAINLESS STEEL. 


STORZ INSTRUMENT COMPANY ¢ 4570 Audubon Avenue, Saint Louis 10, Missouri 


New York Showroom: 809 Lexington Ave. 
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For ocular infections with 
mild inflammation 


ISOPTO’ P-N-P 


polymyxin-neomycin - phenylephrine-methylcellulose 
STERILE OPHTHALMIC SOLUTION 


The mild vasoconstrictor, phenylephrine, ef- 
fectively reduces itching, inflammatien and 
congestion. Polymyxin and neomycin en- 
hance the action of each other and are effec- 
tive against a wide range of common bacterial 
infections. Prolonged contact is provided, by 
the methylcellulose vehicle. 


for ocular allergies and inflam- 
mation in the absence of infection 


ISOPTO* STEROFRIN 


hydrocortisone-phenylephrine-methyicellulose 
STERILE OPHTHALMIC SUSPENSION 


The suspension form of hydrocortisone pene- 
trates the cornea for better anti-inflammatory 
action. Phenylephrine relieves itching and 
congestion, providing rapid symptomatic 
relief. 


Alcon offers a full line of antibiotic and steroid preparations including: 


ISOPTO® P-N-P polymyxin B sulfate, neomycin sulfate, 
phenylephrine HCI with methylcellulose 

ISOPTO® STEROFRIN hydrocortisone, phenylephrine 
HCI with methylcellulose 

ISOPTO® P-H-N 0.5% and 1.5%—polymyxin B sulfate, 
hydrocortisone 0.5% and 1.5%, neomycin sulfate with 
methyiceliulose 


ISOPTO® HYDROCORTISONE 0.5% and 2.5%—hydro- 
cortisone with methylcellulose 


ISOPTO® CORTISONE 0.5% and 2.5%—cortisone with 
methylcellulose 


Alcon's antibiotic and steroid preparations are supplied 
in the 5 cc. Drop-Tainer®. 


AL con LABORATORIES, INC., Fort Worth, Texas 
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For the Extra Refracting or Treatment Room 


i justable headrest, can be raised or 

) lowered by large ball-bearing wheel; 
can be locked in any position; eleva- 
Ee tion 18 to 24". $155.00 in brown, green 
Eas = of black. Other colors available at 
$5.00 extra. 


| CABINET: Stainless steel covered: wall 
mounted or floor model; with or with- 
out electrical equipment. Can be 
furnished with pull-out writing shelf 
and horizontal drawers on roller bear- 

ings. $115.00 to $290.00 


STOOL: Upholstered; with or without 
backrest; ballbearing casters. $20.00— 
$26.00 in brown, green or black. Other 
colors available at $1.00 extra. 


LIGHT: Can be mounted on Chair or 
wall; vertical movement by means of 
self-adjusting clutch on bar, lateral 
and anterior-posterior movement by 
means of goose-neck. $22.00 


LIGHT SHIELD: For standard 100 watt 
lamp $5.00 


i 


Los Angeles 57, Calif. TISSUE CON- 


1905 Beverly Blvd. [SMB] 


: CATALOGUE ON REQUEST 
Established over 30 years 


FOR CONTACT LENSES OF THE HIGHEST QUALITY? 


ab OBRIG LABORATORIES is the pioneer and oldest manufacturer of plastic contact lenses. 
OBRIG LENSES are the product of twenty years of research and experience. 
3) OBRIG LENSES stand for unsurpassed quality and excellent service. 
OBRIG LABORATORIES makes available to its customers a consultation service and assists them with 
their problem fitting cases. 
gy OBRIG LABORATORIES keeps its fitters abreast of all the latest developments 
and techniques in the contact lens field. 


new york office... 
75 East 55th Street 


Manufact of sarasota, florida office... 
of contact lenses O. Box 791 


Sarasota, Florida 
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FAST FORM FIELDS 
WITH AO SCREENING PERIMETER 


Checking form fields is an important aid in the diagnosis of 
pathological conditions. This new AO Screening Perimeter 
makes this arduous procedure easy. Simply push a series oi 
buttons which expose white tipped targets to the patient. 
Release button, the target disappears instantly. It’s a fast and 
simple method for spot checking form fields. 

The mat-black arc indexes into cardinal metidian positions 
...rotates fully for any setting. If desired, pursue standard 
some techniques with optional hand targets. Costs far 
less than conventional instruments. Colors: Ivory Tan, Jade 
Green, Coral or Black. 

The AO Brombach Perimeter, complete with campimeter 
attachment, permits you to make detailed and accurate sur- 
veys of the entire visual field. Daylight illumination is uni- 
form and controllable. The 6” wide felt covered arc lets you 
move targets from periphery to fixation target without 
patient distraction. Arc indexes automatically at the four 
cardinal positions. Test object set included. 


Dept. $244 | 


American &) Optical Please send full information on AO Screening Perimeters. : 
COMPANY Name | 
INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


City. Zone State 
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Binocular 


The application of spectacles creates new 
problems for patients with binocular aphakia. 
The high plus power of the spectacle lens gives 
great magnification of the image, with 
corresponding loss of spatial judgment, and a 
large bowing effect of the peripheral field. 


A contact lens, by greatly reducing the distance 
between the lens and the entrance pupil of the 
eye, is able to decrease the magnifying 
properties of the high plus power, thereby 
minimizing the spatial distortion and allowing 
fer more normal judgment of distances. 


the Plastic 


Contact Lens Company 
“Dedicated to Knowledge and Research” 


§9 EAST MADISON STREET © CHICAGO 3, ILLi 


| 

¥ 

of your contact a 
% 


make 
protection 

a part of 
every 
prescription 


BENSON’S HARDRy sAFETY LENSES! 


Eyes worth correcting are worth protecting. Every one 
of your patients deserve maximum safety from dangerous and 
costly lens breakage. Benson’s HARDR«x safety lenses — 
ground to a formula-determined thickness and scientifically 
heat treated — are toughened to resist impact. 


To impress on your patients that you’ve prescribed the 
unexcelled in lenses for them, the identifying tag shown at left 
is attached to each pair of genuine HARDR«x lenses. 
Your patients will appreciate your thoughtfulness in 
prescribing this extra protection . . . and will tell 
their friends of your quality service. 
Join the growing number of doctors who specify HARDRx 
regularly. Remember: HARDRx prescriptions receive 


the same prompt handling. 


1913-1959... Our 46th year 


ism BENSON OPTICAL COMPANY 
R Executive Offices * Medical Arts Building, Minneapolis 
specialists in prescription optics since 1913 


COMPLETE LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES 
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THESE ARE 

GENUINE 


sary. 


Phoro-Lenscorometer 


To measure vertex distance, just clear instrument of lenses, 
place Phoro-Lenscorometer through opening, making contact 
with patient’s closed lid—and read direct. No computing neces- 


OPHTHALMIC OPTICIANS—Wholesale Rx Service 


V4 


(Austin Belgard) 


Washington Box “O”, Chicago 


BEST IN SIGHT” 


MAY-O-LITE 


gular Optical Supplie 


RESEARCH INC. 
Box 1167, Minneapolis 40, Minnesota 


URGENT REQUEST 


The Uveitis Laboratory, University of California 
School of Medicine, San Francisco, is interested to 
obtain freshly enucleated eyes from patients with 
all types of uveitis and other endogenous inflamma- 
tions. Attempts are being made to isolate etiologic 
agents from these eyes. 


The eyes should not be fixed in preservatives or 
frozen, but placed in a sterile bottle, packaged, and 
shipped as quickly as possible. Please send speci- 
mens air express, special delivery, collect. Enclose 
history and findings and mark the package “Fresh 
Tissue Specimen—Rush.” 


A report of isolations of organisms and pathologic 
findings, including a slide, will be sent to the con- 
tributor. Credit will be given in any resulting pub- 
lications if desired. 


Telegraph collect if specimen being sent. 
Send eyes to 

Samvel Kimura, M.D., Michael J. Hogan, M.D., or 
Phillips Thygeson, M.D. 

University of California School of Medicine 

San Francisco 22 


—For Green’s Refractor—To Measure Vertex Distance 
>>) 
| | 

$18.00 

Main Office 109 N. Wabash, 

No Prescription is Complete without 
| LENS COATING Am 

efficiency. Recommended for white and 

d glasses. Extremely adherent. 
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because 
you start 
with empty 
chairs... 


you need the protection of TRUE SECURITY 


It takes time to establish a practice. This delay in income 
is only one of the financial burdens the ophthalmologist 
must bear. Starting with his expensive education and con- 
tinuing until his retirement, he is beset with problems which 
other men never face. 

Mutual Benefit Life has a special understanding and 
special solution to these problems, gained from more 
than a century of service to men in the medical pro- 
fessions. Through this experience, Mutual Benefit Life 
can help you solve your present and future needs with 
TRUE SECURITY—complete financial protection offered 
only by Mutual Benefit Life. 

Your Mutual Benefit Life man will be happy to outline 
such a plan for your family’s TRUE SECURITY. His 
valuable financial advice is yours without obligation. Why 
not call him soon. 


MUTUAL BENEFIT 


LIFE secunery 


MUTUAL BENEFIT LIFE’S 
FINANCIAL PLANNING FOR 
YOU AND YOUR FAMILY 


Send this coupon for your free copy of an analysis 

of the medical profession's financial problems and | 

their solution. This is not only an insurance booklet — 

but an overall handbook showing how you can keep 

more of your earnings. The use of this coupon does 
VY = not obligate you in any way. 


LIFE INSURANCE COMPANY 
NEWARK 1, NEW JERSEY 
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STAINLESS STEEL CABINETS 


The Traveling Man rOR THE OPHTHALMOLOGIST 


AND THE OTOLARYNGOLOGIST 


Eddie Kerr has helped physicians fit start at $60.00. Stools and instrument tables 
thousands of patients with artificial available. 

eyes. Like the other experts from our 
offices, he provides you with technical P&S MEDICAL EQUIPMENT 
information and assistance on difficult 14525 Arminta, Van Nuys, California 
cases, The samples in his case will ST 0-0447 

match many patients. Or, he can 
make eyes that perfectly match with 
the materials he carries. One of our 


experienced men visits most areas -_ 
regularly—another reason to call or DVORINE 


write our nearest office for your next > | oe PSEUDO-ISOCHROMATIC 
OFFER THESE 
EXCELLENT 
FEATURES 


Distinguishes the color-blind 


oge Classifi th lor-blind 
Artificial Eye * This set is the most pe a 


widely accepted test severity of defect 


j in the United States. Special arrangement pre- 
Service It is used by Medical vents malingering 


Examiners of the Civil 
Aeronautics Adminis- WITH DIRECTIONS 
tration, Veterans Ad- 
ministration and the 
each set are simp! id the 
United States Armed test is easily cduieiierell 
Forces. even by untrained personnel. 
WRITE FOR FREE LITERATURE 

ON. Michigan Ave. Less 5% if check accompanies order 
2, SCIENTIFIC PUBLISHING CO. 


CLEVELAND _.DETROIT HOUSTON (Soper Bros.) Dept. A—2328 Eutaw Place 
KANSAS CITY MINNEAPOLIS ST, LOUIS 


BOSTON PHILADELPHIA PITTSBURGH WASHINGTON Baltimore 17, Maryland 
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The impressive BURTON DE-LUXE OPHTHALMIC CHAIR & UNIT was developed and de- 
signed with YOU in mind . . . doctors who are accustomed to the very finest. We planned 
from the beginning that it would be unparalleled for its distinction. For its durability. For 
its beauty. We resolved, too, that in giving you this low priced chair & unit we would in no 
way sacrifice craftsmanship. Simply visit your LOCAL INDEPENDENT OPTICAL SUPPLY 
HOUSE and compare, for a single glance will tell you that this is an ophthalmic classic . . . 
designed with YOU in mind. only $995.00 F.O.B. 


Also shown: 


TRIAL LENS CABINET: Beautifully finished in 
formica, this cabinet includes built-in light- 
ing, ample storage space, and desk type 
cabinet door. $124.95 


FOCIMETER: Precision built and ideally suited 
for the modern office and lab this focimeter 
offers internal reading system, adjustable 
base and eye piece, power reading of 
+25.00 D., prism scale to 8.00 D., special 
contact lens holder, hammertone finish, and 
marking device. $320.00 


STOOL: On casters with choice upholstery. 
$24.95 


Immediate delivery—see your local independent 


Optical Supply house. 


CUMMINS-ROBERTSON, INC. MULLER-BOWMAN CO. SOUTHWEST OPTICAL CO. 
ATLANTA + MACON + MIAMI CROOKS BLDG. LOS ANGELES + SAN DIEGO 
GREENVILLE + VALDOSTA JACKSON, TENNESSEE LONG BEACH (CALIFORNIA) 


DECHAU OPTICAL COMPANY SODERBERG OPTICAL SERVICE, INC. STANDARD OPTICAL CO. 
63 WASHINGTON STREET MINNESOTA + IOWA + WISCONSIN 223 N. 15TH STREET 
PROVIDENCE, RHODE ISLAND PHILADELPHIA, PA. 


DIEDERICH OPTICAL CO. SOUTHERN OPTICAL CO. WEST TEXAS OPTICAL CO. 
718 S. HULL STREET P.O, BOX 1199. P.O. BOX 3232 
LOS ANGELES, CALIFORNIA GREENSBORO, N. C. LUBBOCK, TEXAS 


R. G. BURTON CO. 
PHILADELPHIA, PA. Main Office 113 WORTH sr. 20511 DEQUINDRE 


2012 BAGLEY AVE. NEW YORK, NEW YORK DETROIT, MICHIGAN 
L. A., CALIFORNIA 
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The following articles from TODAY'S HEALTH are 
now available in pamphlet form. 


ALCOHOLISM IS A DISEASE. A discussion by the Chairman 
of the A.M.A. Committee on Alcoholism. by Marvin A. Block, 
M.D., 8 pages, 15 cents. 

I AM THE WIDOW OF AN ALCOHOLIC. Three articles 
combined. by Virginia Conroy, 16 pages, 20 cents. 

HOW EXPERTS MEASURE DRUNKENNESS. A partial 
transcript of an actual courtroom case. by H. A. Heise, 8 pages, 
15 cents. 

BARBITURATES, BOOZE AND OBITUARIES. A discus- 
sion of the dangers of mixing alcohol and barbiturates. by Donald 
A. Dukelow, 4 pages, 10 cents. 

TWELVE STEPS FOR ALCOHOLICS. A frank discussion of 


10 cents. 


These articles are available in one pamphlet for 50c 


ALCOHOLICS ANONYMOUS, Written from the standpoint 
of a member, the basic treatment procedures are described and the 
psychological problems confronting the alcoholic are discussed. 
ALCOHOL AND CIRRHOSIS OF THE LIVER. Relationship 
between alcohol, diet and cirrhosis. Increasing stress on nuttri- 
tional differences. by Russell S. Boles. 

HOW TO HELP A PROBLEM DRINKER. Understanding the 
alcoholic’s capabilities, the necessity of help, causes of his con- 
dition. by Edward A. Strecker and Francis T. Chambers, Jr. 
TTHE TREATMENT OF ALCOHOLISM. Tracing the steps from 
convincing the alcoholic that he is sick through treatment and 
cure. by Lewis Inman Sharp. 

CONDITIONED REFLEX TREATMENT OF CHRONIC 
ALCOHOLISM. Its place among methods of treatment today, 
its development and correlation with personality factors. by 
Walter L. Voegtlin. 

INSTITUTIONAL FACILITIES FOR THE TREATMENT OF 
ALCOHOLISM. Comparative differences, in drinking, with the 
last century, new establishments and methods of treatment, lack 
of trained personnel. by E. H. L. Corwin. 


the meaning of an alcoholic behavior. by Richard Lake, 6 pages, 
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A recent evaluation of corticosteroids in ophthalmology’ concludes that 
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NOT QUITE...BUT ARMORLITES weiGuH 1/2 AS MUCH AS GLASS 


RMORLITE LENS oco., inc. 


the developers of hard plastic lenses 
117 EAST COLORADO ST + PASADENA, CALIFORNIA 


Many Cases of 
Subnormal Vision 


respond to “3D3” 
OPTICAID 


focal distance of 12 inches 


Substantial improvement in cases of low visual acuity is reported 
E d by Ophthalmologists with this revolutionary “3D3” Optica 
r 0 y Spectacle loop. 

Each “3D3” Opricaip loop is light in weight, perfectly bal 

anced. Its lenses give high luminosity in a wide field of view 

Permits adjustment of the pupilary distance from 58mm to 


Products Co. 
70mm. Provision is made for prescription glasses when neces-Em 


Dept. E, 480 Lexington Avenue sary. “3D3” Opricain opens a whole new area of service, 
4 enabling you to offer substantial aid to many cases of retarded 
vearihowesdcenie vision, Write for full details. Retail Price $50. 
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Magnifies equal to 3 times 


Predmycin offers unique, 
three-fold action: neomycin 
(0.5%) for prompt and potent 
antibacterial action against 
over 90% of ocular disease- 
causing organisms, prednisolone 
(0.2%) to check destructive 
inflammatory reactions, and 
phenylephrine (0.12%) to 
improve the eye’s appearance, 
allay irritation, reduce 

edema and localize the 
prednisolone in the tissue. 
Dose: 1-2 drops in the eyes, 
two to four times a day. 
Predmycin does not sting or 
burn on administration. 
Supply: 5 cc. plastic dropper 
bottles—on prescription only. 


ALLERGAN CORPORATION Los Angeles 17, California 
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MINIMS. STERILE 


Absolute sterility of all surfaces of the 
Minims unit is assured by the pliofilm over- 
wrap. 


STERILE 
OPHTHALMIC DROPS 
IN 
DISPOSABLE UNITS 


Minims solutions remain stable 
for an indefinite period. 


Ophthalmic drugs available 
in the Minims package: : 
ATROPINE SULFATE 1% 
ATROPINE SULFATE 2% 
ESERINE SALICYLATE 0.5% 
ESERINE SALICYLATE 0.25% 
PILOCARPINE HCI 1% 
PILOCARPINE HC! 2% 
FLUORESCEIN SODIUM 2% 
HOMATROPINE HBr 2% 
HOMATROPINE HBr 5% 
PHENYLEPHRINE HC! 2.5% 
PHENYLEPHRINE HC! 10% 
SCOPOLAMINE HBr 0.2% 
TETRACAINE HCI 0.5% 


Available in packages of 20 in- 
dividually over-wrapped Minims. 


For further information or litera- 
ture write or phone: 


MINIMS...0 particularly valuable 
administration unit for... 
SURGERY 895 KIFER ROAD | 
HOSPITAL WARDS 3 
INDUSTRIAL MEDICINE 
EMERGENCY ROOMS 
PATIENT USE 
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DESIGNED FOR YOUR MOST 
EXACTING REQUIREMENTS 


| ETHICON. opntuatmic NEEDLE SuTURES 


a hand-finished Micro-Point*® needies 

g unequaled sharpness by hand honing 
g 40% greater strength 

g increased stability in needie hoider 


gw reduced tendency to cut out of tissue 


ETHICON EVE SUTURES with Tru-Tempered reverse cuiting needies ~ 


for maximum strength and mi um tendency to cut out of tissue,’ 


ETHICON 
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for the in-and-outers 


7, | 
/ YY visible You can’t give your patient a better, 
060 more effective neutral absorptive 
//) filter in a bifocal or 3-way. than 
Modern’s “Charcoal Gray—light” 
Charcoal Gray, LIGHT or “Charcoal Gray—dark.” Both 
Charcoal Gray, DARK a transmit near-normal color values 
> . . bar abiotic and erythemal 
ultra-violet. Both have neutral line, 
Charcoal Gray, LIGHT = 37% total luminous transmission. threshold-welded segs, manufactured 
Ideal for presbyopes who're in and out of the sun a great deal— under the industry’s most rigid 
salesmen, engineers, supervisors and service personnel, etc. inspection system. Both come in 


Modern “B”, Modern “D”, and 
Charcoal Gray, DARK = 19% total luminous transmission. 


Perfect for presbyopes who stay out in the sun for long periods—driv- 
ers, construction workers, boaters, golfers, hunters, etc. 


3 fine MODERN lenses in 2 shades of Charcoal Gray _ MODERN OPTICS sae 
Mono-centric 


INCORPORATED 
HOUSTON, TEXAS 
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Fundal Changes Resembling Colloid Bodies in 


A.M.A. a eS F 


Recurrent Polyserositis (Periodic Disease) 


1. MICHAELSON, M.D.; M. ELIAKIM, M.D.; E. N. EHRENFELD, M.D., and M. RACHMILEWITZ, M.D., 


Jerusalem 


In 1946, two of us (M. R. and E. N. E.) 
first observed a clinical syndrome which 
consisted of paroxysms of fever accom- 
panied by abdominal and chest pain due to 
inflammation of the peritoneum and the 
pleura. The condition was then described 
as “recurrent benign polyserositis.” At 
about the same time and subsequently a 
similar clinical picture was detailed by 
Siegal (1945, 1949), under the heading of 
“benign paroxysmal peritonitis,” and by 
others, under various designations (Mamou 
and Cattan, 1952; Schapiro and Treinin, 
1953; Heller, Kariv, Sherf, and Zohar, 
1955; Rachmilewitz, Ehrenfeld, and 
Eliakim, 1958). Reimann (1948) first used 
the name of “periodic disease” which has 
been widely accepted. However, in the 
original and in subsequent reports Reimann 
included a variety of recurrent disorders 
with different clinical manifestations. Re- 
cently this condition was extensively re- 
viewed by Mamou (1956). The prevalence 
of recurrent polyserositis among people from 
Mediterranean countries has been stressed. 

Routine funduscopic examinations per- 
formed during the last year on patients with 
recurrent polyserosisis disclosed fundal 
changes resembling colloid bodies in a per- 
centage which warranted a further study 
of a larger number of patients. The fundal 


Submitted for publication Nov. 22, 1958. 

From the Departments of Ophthalmology and 
Internal Medicine “B,” Rothschild Hadassah Uni- 
versity Hospital. 


findings were first briefly reported in 1957 
(Rachmilewitz, Ehrenfeld, Eliakim, and 
Michaelson). This report deals with 23 
patients with recurrent polyserositis, with 
particular reference to their fundal findings. 


Clinical Observations 

All patients exhibited the typical 
paroxysms of fever and diffuse abdominal 
and, frequently, chest pain; swelling and 
pain of one or more joints occasionally ac- 
companied the attack, which usually lasted 
24 to 48 hours. Transient leukocytosis and 
increased sedimentation rate were found 
during attacks. One patient had albuminuria. 
The attacks occurred at either regular or 
irregular intervals of several days to weeks. 
Spontaneous remissions lasting from several 
months to two years were recorded. In the 
intervals between attacks most patients felt 
well and were able to carry on with their 
work, The general health of the patients re- 
mained unimpaired, even in those in whom 
the disease lasted more than 20 years. 

Fourteen of the patients were male and 
nine female. The age at onset of the disease 
ranged from 6 to 36 years, the average being 
19, All patients were Jews, 21 of Sephardic 
or oriental parentage and two Ashkenazim.* 

* Ashkenazi Jews are those coming from Europe, 
America, Australia, and South Africa. Orientals 
hail from various Middle Eastern and North 
African countries, while Sephardic Jews are those 
whose ancestors left Spain in the 15th century 


and dispersed over various Middle Eastern and 
European countries. 
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TasLe 1.—Incidence of Colloid Bodies in 
Twenty-Three Cases of Recurrent 
Polyserositis 


A, M,. A. ARCHIVES OF OPHTHALMOLOGY 


Av. Ageat Av. Duration 


No. Examination, of Disease, 
Cases % Fe. 
Many 8 34 32 (19-46) 16 (4-20) 
Few 5 22 36 (29-45) 12 (4-25) 
None 10 44 27 (13-50) 11 (6-28) 


* Range indicated in parentheses. 


Occurrence of the disease in more than one 
member of the family was found in three 
instances. 


Funduscopic Findings 


Dotted lesions in the fundus of the eye 
were found in 13 out of the 23 patients 
(56% ) (Table 1). On slit-lamp examination 
these lesions were localized in the lamina 
of Bruch and are, therefore, considered to 
be colloid bodies. The dots, which varied 
in size from to were porcelain 
white or yellowish in color. In most cases 
the dots had a punched-out appearance, while 
in others the margin was less well defined 
and pigmented. The dots were often ar- 
ranged in rows, assuming a quasigeometric 
distribution suggestive of domino ap- 
pearance. In eight of the cases (34%) the 
dotted foci were numerous and widespread. 
while in the remaining five cases only two or 
three isolated foci were found. The lesions 
were found in both eyes. 

The patients showing fundal changes were 
followed for as much as six months, during 
which, in most cases, there did not appear 
any notable changes. However, in two cases 
it was possible to observe the evolution of 


Fig. 1—Appearance of fundus showing evolution 
of changes. The number of colliod bodies increased 
within a short time. 


Fig. 2—These figures were taken from one 
fundus. They illustrate the variations in size of 
the colloid bodies. 


the fundal changes. The initial porcelain 
white punched-out appearance of the bodies 
could be seen to’ give way to a yellowish- 
white tint with a less defined margin, often 
pigmented. In places the dot became en- 
tirely pigmented. A marked increase in the 
number of the foci could also be observed. 
This evolution, unusual for colloid bodies 
associated with advanced age, was observed 
in a case from which Figure 1 was taken. 
Occasionally the focus might be as large 
as about one-third of the disc (Fig. 2). 
There was a further case of recurrent 
polyserositis, not included in this series of 
23 cases, which presented the unusual 
fundal appearance shown in Figure 3. A 
solid-looking mulberry-like mass, the size 
of about one-third of the disc, lay on the 
surface of the retina in the upper part of 
the fundus. A short distance above the 
mass was a small focus of retinochoroidal 
scarring which probably represented its 
original situation. The mass had the typical 
appearance of a colloid body of the optic 
disc. The case is not included in the series 


Fig. 3.—An unusual change noted in a case of 
recurrent polyserositis. 
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FUNDUS CHANGES IN POLYSEROSITIS 


because of the difficulty of interpreting the 
fundal findings. 

The general description given above ap- 
plies to all 13 cases in which fundal changes 
were present. No abnormal findings ex- 
cepting those mentioned were noted. In the 
remaining 10 cases of this series no abnor- 
mal changes were present in the fundus. 

The average age of the patients be- 
longing to the group with positive eye 
findings was somewhat higher than that of 
the patients with no fundal findings (Table 
1). The average duration of the disease in 
both groups at the time of the fundal ex- 
amination did not differ significantly, al- 
though it seemed that patients with 
numerous colloid bodies had a longer average 
duration. There were patients suffering 
from the disease for four years who ex- 
hibited numerous colloid bodies in the fundi, 
while one patient who had the disease for 
28 years showed no changes at all. 


Control Series 


Because of the frequent occurrence of 
colloid bodies in persons above the age of 
50, it was considered advisable to establish 
their incidence in a control group. Two 
hundred thirty-two patients visiting the 
Ophthalmic Outpatient Department were 
used for this purpose, no selection being 
made except to exclude cases with fundal 
findings which might explain the presence 
of colloid bodies. An analysis of this group 
is given in Table 2. It can be seen that 11% 
of the cases had colloid bodies, but only in 
4% were they numerous, as compared to 
34% of the recurrent polyserositis group 
(Table 1). The average age of the control- 
group patients showing numerous colloid 


TasBLe 2.—Incidence of Colloid Bodies in 232 
Control Cases 


Av. Age at 
Examination, 


Many 
Few 
None 206 


40 (20-55) 
40 ( 8-67) 
32 (12-52) 


* Range indicated in parentheses. 
Michaelson et al. 


bodies was 40 years, as compared to 32 
years in the recurrent polyserositis group. 
It is of interest that the 206 control cases 
who had no colloid bodies had an average 
age of 32. Further analysis of the control- 
group cases with numerous colloid bodies 
(nine cases, or 4%) showed that one patient 
had lupus erythematosus disseminatus, one 
migraine, one necrobiosis lipoidica, and one 
malignant exophthalmos with thyrotoxicosis. 
It is possible that age and accompanying 
diseases may have been factors in the 4% 
incidence of numerous colloid bodies in the 
control cases. 


Comment 


The presence of fundal lesions resembling 
colloid bodies in 56% of patients with 
recurrent polyserositis seems highly signif- 
icant in view of the findings in the control 
series. It is apparent that this high in- 
cidence is not explicable by senility or the 
presence of other fundal diseases. 

The known pathological conditions of the 
lamina of Bruch which give rise to clinical 
and histological changes are as follows: 
colloid bodies in the cuticular layer as- 
sociated with advanced age; ruptures of the 
elastic portion of the membrane—angioid 
streaks; ruptures of the membrane through 
both its layers—disciform degeneration of 
the retina. Little or nothing is known of 
the etiology of these changes in Bruch’s 
membrane. Of general conditions associated 
with pathology in Bruch’s membrane only 
one is known—the Groenblad-Strandberg 
syndrome, in which changes in the elastic 
tissue of the skin, the blood vessels, and 
the elastic layer of Bruch’s membrane are 
found. It is therefore of interest that in 
recurrent polyserositis lesions resembling 
colloid bodies appear more frequently than 
they do in normal persons. Furthermore, as 
previously mentioned, one of the patients 
in the control group, who had numerous 
colloid bodies, suffered from necrobiosis 
lipoidica, a disease affecting the elastic and 
connective tissues of the skin. Another 
control patient had disseminated lupus 
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A, M. A. ARCHIVES OF OPHTHALMOLOGY 


erythematosus, a disease of connective tissue 
frequently accompanied by polyserositis. 
Too little is known of the etiology and 
pathogenesis of recurrent polyserositis to 
enable a suggestion to be made regarding the 
mechanism whereby the lesions described 
are produced, nor does this local eye 
pathology apparently throw any light on the 
general pathology of recurrent polyserositis. 
It must be stressed that in the cases studied 
by us, no evidence of amyloidosis or general 
vascular disease was present. It must 


suffice at present to note the clinical con- 
currence of colloid-body-like lesions and 
recurrent polyserositis and to note that to 
the Groenblad-Strandberg syndrome must 
be added another general dyscrasia that may 
cause changes in the lamina of Bruch. 


Summary 

The presence of fundal changes re- 
sembling colloid bodies is described in 13 
(56%) out of 23 cases with recurrent 
polyserositis. In eigth cases (34%) with an 
average age of 32 years the lesions were 
numerous and widespread, while in five 
cases (22%) with an average age of 36 


years they were few and isolated. Of a 
control group of 232 cases, 4% were found 
to have numerous and 7%, few colloid 
bodies. Higher age (average 40 years) and 
accompanying diseases may have contributed 
to the 4% incidence in the control group. 


Because of their frequent appearance, the 
fundal lesion described may be regarded as 
one of the signs of recurrent polyserositis. 

M. Ivry prepared the illustrations. 


Department of Ophthalmology, Rothschild 
Hadassah University Hospital, Box 499. 
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Exudative Type of Retinal Separation 


A Case of Harada’s Disease in an Eight-Y ear-Old 


R. DAVID SUDARSKY, M.D., New York 


Harada’s disease! is rarely seen in Amer- 
ica, and of those cases reported by Cordes,? 
the majority were in persons from highly 
pigmented races and all were in adults. The 
following case is reported in detail because 
it is unique in the age of onset and in 
severity of symptoms. The progress of the 
case over a four-year period, as well as the 
response to oral steroid therapy, will be 
described. 

An 8'%-year-old white girl developed a 
severe cold with fever and coughing. At the 
onset her parents noted some redness of 
the eyes and possible swelling of the lids. 
The symptoms of the cold subsided one 
week later, but the patient noted some pho- 
tophobia and blurring of vision. Over the 
next week vision progressively diminished 
to the point where school work became 
impossible, and the patient saw large “bub- 
bles” in front of her eyes. Her pediatrician 
was consulted, and he reported her physical 
condition as normal. A routine chest x-ray 
and blood cell count were normal. She was 
referred at that time to an ophthalmologist. 

Family history was noncontributory. Her 
father was of Irish and her mother of 
French origin. There was no family history 
of eye disease. The child had had a normal, 
full-term birth. She had received the usual 
diphtheria, tetanus, and typhoid immuniza- 
tions but no polio vaccine. Her only child- 
hood diseases were rubeola at the age of 2 
and varicella at the age of 7 years. Figure 
1A shows the child at the age of 7. 


Submitted for publication Feb. 23, 1959. 
. From the service of Dr. Paul Chandler, Massa- 
chusetts Eye and Ear Infirmary, with the help 
of Dr. Alan Butler and Dr. K. K. Kimura of 
the Department of Pediatrics of the Massachusetts 
General Hospital and Harvard Medical School. 


When first seen by an ophthalmologist, 
three weeks after the initial cold symptoms, 
the patient presented the following ocular 
findings: vision was reduced to hand move- 
ments, and there was slight edema of both 
lids and minimal ciliary injection. Nu- 
merous coarse k. p.’s were seen on the cor- 
neal endothelium. There was a strong ray 
and myriads of cells in the anterior cham- 
ber. Triangular-shaped deposits of cells 
were seen on the lens capsule, and some 
posterior synechiae were forming. There 
were numerous coarse and fine vitreous 
opacities. Tension was 6 with a 5.5 wet. 
Schietz. 

The fundus reflex was yellowish with 
a poor reflex below. The retina was wholly 
detached with large bullae below. There 
were fine yellowish intraretinal exudates. 
The vessels at the disc margin were dilated. 
No retinal tears were detected. Figure 1B 
shows the appearance of the child at this 
time, and Figure 2 shows her fundus. 

The patient was hospitalized. Physical 
examination was unremarkable except for 
the eyes. Laboratory tests revealed normal 
blood proteins, N. P. N., cholesterol, sugar, 
and glucose tests. Tuberculin test was nega- 
tive to 1:100 dilution. Nose, throat, and 
virus cultures were unremarkable. There 
were normal chest, skull, and spine x-rays 
and a normal audiogram. A lumbar punc- 
ture was performed and revealed a slightly 
elevated initial pressure. Total cells were 
93 per cubic millimeter. All cells appeared 
to be lymphocytes. Protein was 30 mg. %, 
and sugar was 58 mg. %. Colloidal gold 
curve recorded as 0122100000. The eosino- 
phil count was 68. 
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Figure 1 


Initial therapy consisted of 2.5% hydro- 
cortisone and 1% scopolamine drops locally 
at frequent intervals. The patient was 
given 75 mg. prednisone (Meticorten) 
orally for the first three days, after which 
the dose was gradually reduced to a maia- 
tenance level of 30 mg. daily at the end of 
the first month. 

Her weight at the beginning of therapy 
was 56% lb. After two weeks of therapy 
the patient noted subjective improvement in 
vision, which was measured at 15/200. 
There was a rapid clearing of the ocular 
media and absorption of the subretinal 
exudate. 
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Figure 1C shows incipient moon facies 
after one month of therapy. At this time 
the child’s weight was 68 lb., and her gen- 
eral physical condition was unchanged. 
Blood pressure was 112/60. 

The eosinophil count varied from zero 
to nine, and a repeat lumbar puncture 
showed marked reduction in cells. 

Her vision was 20/70 with correction. 
External examination revealed slight edema 
of the lids associated with facial edema. 
There were occasional white eyebrows, and 
patches of white hair were noted on the 
patient’s scalp for the first time. The ocular 
tension had increased to normal levels. 
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There was still a 2+ flare and cells in the 
anterior chamber and some posterior syn- 
echiae forming. The pupil was well dilated 
by the scopolamine. The fundus showed 
the retina to be in position with patches of 
dark pigmentation corresponding to the 
areas of choroiditis depicted in Figure 2. 
Treatment with local medication continued 
as described, and oral prednisone was main- 
tained at the level of 20 mg. a day for the 
next month. 

Figure 1D shows the appearance of the 
patient two months after the onset of the 
disease (age 8 years 8 months). Her 
weight was then 75 lb. Her general physical 
appearance showed marked basophiloid 
changes with facial and body hirsutism. 
Eosinophil count was 20. 

Her vision was 20/40 with correction. 
There was marked poliosis of eyelids and 
eyebrows. On one finding tension was ele- 
vated to 30 mm. There remained a 1+ 
flare and 2+ cells in both eyes, with per- 
sistent multiple vitreous opacities. The 
fundus showed marked increase in pigmen- 
tation and suggested somewhat the appear- 
ance of congenital grouped pigmentation. 
The prednisone dose was reduced to 10 
mg. per day. 

Three months later, the patient noted 
increased blurring of vision and the eyes 
appeared congested. She was examined and 
found to have diminished vision with an 
increase in cells and flare and increased 
vitreous opacities. The dose of prednisone 
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was accordingly increased to 50 mg. per 
day, which produced marked improvement 
in vision and in transparency of the ocular 
media. 

Figure 1E shows the patient six months 
after onset of the disease (age 9 years 2 
months). She then weighed 87 lb. There 
was marked bull-neck, hirsutism, obesity, 
and Cushing facies. Blood pressure was 
116/85. X-rays revealed some osteoporosis. 

Vision was 20/40 with correction. The 
poliosis of lids persisted, and the anterior 
chamber showed 1+ flare and cells. Ten- 
sion was normal, and the media were clearer 
than in the previous examinations. The 
fundus showed noticeable atrophy of the 
choroid. Prednisone was again reduced to 
20 mg. per day, with continuation of the 
local scopolamine and hydrocortisone drops. 
Potassium chloride tablets were added to 
the regimen. 

Any attempt to reduce steroid therapy 
further was accompanied by a diminution 
in vision, making it impossible for the pa- 
tient to do her school work. The resump- 
tion of adequate levels of oral steroids 
maintained sufficient clarity of the ocular 
media and the vision at approximately 
20/40. One year after the institution of 
steroid therapy, oral cortisone was alter- 
nated with the prednisone because of the 
complicating osteoporosis. Despite the bene- 
ficial effect on visual acuity, chorioretinal 
atrophy continued to progress and the pa- 
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Figure 3 
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tient complained of the symptoms of night 
blindness. 

Figure 1F shows the patient one and one- 
half years after first examination (age 10). 
At this time she was being maintained on 
oral prednisone alternated with oral corti- 
sone. An additional course of typhoid ther- 
apy had been tried without dramatic results. 

At this examination the patient’s weight 
was approximately 75 lb. There was some 
diminution of the Cushing facies, with per- 
sistence of hirsutism. There was less osteo- 
porosis noted in the x-rays. Central vision 
was 20/50 with correction, but there was 
a decrease in the visual fields as shown in 
Figure 3. Poliosis of lids persisted, but that 
of the scalp had diminished. There were 
occasional cells in the anterior chamber with 
a 1+ flare. Tension was normal with little 
change in the condition of the vitreous. 

Figure 4 shows the appearance of the 
fundus at this time. There was marked 
chorioretinal atrophy, with a diminution in 
the amount of visible pigmentation com- 
pared to previous examinations. Only the 
posterior pole appeared spared from the 
degenerative process. 

The patient was maintained on this oral 
steroid regimen from this point until the 
end of 1958. During this time the patient 
was taken to the National Institutes of 
Health Hospital in Bethesda, Md., where 
complete studies failed to detect a focal 
cause of her illness. Now, three years after 
the onset of the illness and the beginning of 
steroid therapy, the patient still has central 
vision in the left eye. Most recently, a 
secondary glaucoma has arisen which is 
being controlled by acetazolamide (Diamox). 


Comment 

Harada! first described this syndrome 
in 1926, and since that time fewer than 20 
cases have been reported in the American 
literature. Cordes? reported in detail the 
results of treatment of a case in a 3l-year- 
old Japanese woman and presented a thor- 
ough review of the literature through 1954. 
Since his article, a few** additional cases 
have been reported. Of all cases reported, 
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most were in persons of highly pigmented 
races and all were in adults. 

Kimura summarized the experience of 
over 800 cases of uveitis in children with- 
out mentioning a case of this syndrome. 
It would appear, therefore, that the occur- 
rence of an extreme form of exudative 
chorioretinitis in a child of this age is 
unique. 

There does not appear to be any specific 
treatment for this condition. Cordes’ case 
was not benefited by cortisone treatment, 
while in Bronstein’s case,’ as in ours, there 
was a symptomatic improvement with pred- 
nisone therapy and a relapse when the 
hormone was discontinued. With respect to 
the length of time with which patients have 
been treated with steroids, Crawford® re- 
ports a case of sympathetic ophthalmia 
apparently cured after more than four 
years’ treatment with cortisone. Beneficial 
results with steroid therapy were observed 
in Harada’s disease and allied conditions 
by Nano,‘ Bronstein? and Forchheimer.? 
In the latter’s case of sympathetic ophthal- 
mia, topical steroids were successfully em- 
ployed with a four-year follow-up. Offret ® 
reviewed the results of five years’ experi- 
ence in uveitis treated with steroids and 
found, in general, that the chronic cases 
are resistant to treatment. In our case, 
however, there appears to be some beneficial 
effect even after three years. Although the 
hormone has failed to prevent progressive 
chorioretinal atrophy or to arrest the dis- 
ease, it has successfully reduced the severity 
of the exudative response, improved the 
clarity of the media, and maintained useful 
central vision. 

Redslob® reviewed the pathogenesis of 
sympathetic ophthalmia and the various 
theories suggested since the disease was first 
described. Among these theories, that sug- 
gesting a viral etiology is proposed by 
Tkui and Malatesta,’ whereas the work 
of Bullington,’ as well as that of several 
Japanese workers, suggests an allergic eti- 
ology. In many cases reported in the litera- 
ture, “meningeal symptoms” are noted, but 
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no cerebrospinal fluid findings are reported. 

Our patient had a lymphatic cerebrospinal 
fluid pleocytosis of 93. It would appear 
useful in every case of this or allied condi- 
tions to examine the spinal fluid and do 
viral studies early in the disease. 

Solanes has by far the largest experience 
with the study of pathological material from 
the Vogt-Koyanagi-Harada and sympathetic 
group. For many years Solanes felt that 
Harada’s disease and the Vogt-Koyanagi 
syndrome were nongranulomatous uveitis, 
while sympathetic ophthalmia has been 
viewed as a granulomatous uveitis, How- 
ever, Solanes,!* in a personal communication 
to me, said that he now feels that Vogt- 
Koyanagi syndrome is indeed a granulom- 
atous uveitis. Hager’ and Yuge™ both 
find that the pathology of Vogt-Koyanagi 
syndrome is identical with sympathetic 
.ophthalmia. 

In the past decade it has become increas- 
ingly clear that MHarada’s disease, the 
Vogt-Koyanagi syndrome, and sympathetic 
ophthalmia are slightly different manifesta- 
tions of a single disease. The Japanese 
ophthalmologists who were responsible for 
the original reports of two of these condi- 
tions have always felt this unity on the 
basis of clinical observations. 

Dr. Mitsui *® saw our patient early in 
the course of her disease and felt the prog- 
nosis to be favorable. He was surprised, 
however, by the youth of the patient. He 
made the following observation concerning 
the accessory skin signs in this syndrome. 
In every case the cephalad regions are the 
most strongly affected, whereas skin or 
hair changes at the caudal end of the body 
or in the lower extremities are rarely seen. 
He felt that the only difference between 
Harada’s disease and the Vogt-Koyanagi 
syndrome was that in the former condition 
the uveitis was largely confined to the pos- 
terior pole and tended to be highly exuda- 
tive, whereas in the latter the uveitis was 
more severe and affected the entire uvea 
equally, with less tendency toward exuda- 
tion. 
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Wadsworth ™ stated that the hair and 
skin changes of the Vogt-Koyanagi-Harada 
syndrome are rarely seen in cases of sym- 


pathetic ophthalmia. However, Fine and 
Gilligan ** reported poliosis and vitiligo in 
two cases of sympathetic ophthalmia after 
cataract extraction. We have seen a case 
of sympathetic ophthalmia after cataract 
extraction in a 40-year-old man who later 
developed dysacousia, alopecia, poliosis, and 
vitiligo, with a suggestion of subretinal 
exudation in the sympathizing eye. It 
would appear well-established that these ac- 
cessory symptoms and signs may be found 
in any of the three entities. 

Early in the course of her disease our 
patient had a transient increase in intra- 
ocular pressure, with secondary glaucoma 
evident three years later. Whether this 
glaucoma is directly associated with the 
uveitis or secondary to prolonged steroid 
therapy, as described by Laval,” is difficult 
to ascertain. 

This case appears to be one of unusually 
severe and prolonged involvement of the 
uveal tract. Prognosis in Harada’s dis- 
ease is extremely variable. Recovery in 
one eye is not infrequently seen, with com- 
plete loss of vision occurring in the fellow 
eye. Mitsui’s prognosis in our case may 
have been affected by the improvement in 
status wrought by the steroid therapy be- 
fore he had seen her. In general, it would 
appear that in those cases of Harada’s dis- 
ease in which there is a marked elevation 
of the retina with bullae, the prognosis is 
less favorable than in those in which there 
is only a flat detachment. This patient 
obviously has a most severe and extensive 
uveal involvement. 


Summary 

An 8'%-year-old white girl developed 
classical symptoms and signs of Harada’s 
disease three weeks after an upper respira- 
tory infection. 

Associated with cells and flare in the 
anterior chamber were vitreous opacities 
and bullous retinal separation. 
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Cerebrospinal fluid pleocytosis was noted. 
Later poliosis occurred. 

The patient was treated for over three 
years with oral steroids—primarily predni- 
sone (Meticorten). After three years, 
signs of activity persist and increase when- 
ever the steroid is withdrawn. 

Previous reports of this condition are 
discussed, and I concur with those who feel 
that Harada’s disease, the Vogt-Koyanagi 
syndrome, and sympathetic ophthalmia are 
essentially the same disease—granulomatous 
uveitis—and that prolonged steroid therapy 
is sometimes beneficial and is the treatment 
of choice. 


Eye Bank for Sight Restoration, 210 E. 64th St. 
(21). 


REFERENCES 


1. Harada, E.: Clinical Study of Non-Suppura- 
tive Choroiditis: A Report of Acute Diffuse 
Choroiditis, Acta Soc. ophth. japon. 30:356, 1926 
(cited by Cordes *). 

2. Cordes, F. C.: WHarada’s Disease Treated 
with Cortisone: Report of a Typical Case, Tr. 
Am. Soc, Ophth. 52 :78-104, 1954. 

3. Bronstein, M.: Vogt-Koyanagi-Harada Dis- 
ease: Treatment with Prednisone, A. M. A. Arch. 
Ophth. 57 :503-507, 1957. 

4. Nano, H. M., and Gilabert, N.: Coroiditis 
aguda difusa: Enfermedad de Harada: Tratamiento 
con A. C, T. H., Arch. oftal. Buenos Aires 30: 
411-420, 1955. 

5. Kimura, S. J.; Hogan, M. J., and Thygeson, 
P.: Uveitis in Children, A. M. A. Arch. Ophth. 
51 :80-88, 1954. 

6. Crawford, J. S.: 


Sympathetic Ophthalmia 
Controlled by Continuous Cortisone Therapy over 
a 4-Year Period, Am. J. Ophth. 44:412-415, 1957. 


7. Forchheimer, L. L.: Topical Use of Cortisone 
in Sympathetic Ophthalmia: A 4-Year Observation 
of a Successfully Treated Case, Am. J. Ophth. 
40 :248-251, 1955. 

8. Offret, G., and Haye, C.: Résutats obtenus 
dans le traitement des uvéites par la cortisone (une 
expérience de 5 ans), Arch. opht. 16:261-273, 1956. 

9. Redslob, E.: A la Recherche de la pathogénie 
de l’ophtalmie sympathetique, Ann. ocul. 189 :53-64, 
1956. 

10. Ikui, H., and Furuyoshi, Y.: Experimental 
Studies on the Pathogenesis of Sympathetic 
Ophthalmia, Harada-Vogt-Koyanagi Syndrome, 
Acta. Soc. ophth. japon. 59:1481-1498, 1955. 

11. Malatesta, C., cited by Calhoun, F. P.: 
Diseases of the Uveal Tract, A. M. A. Arch. 
51 :376-399, 1954. 

12. Bullington, S. J., and Waksman, B. H.: 
Uveitis in Rabbits with Experimental Allergic 
Encephalomyelitis, A. M. A. Arch. Ophth. 59 :435- 
445, 1958. 

13. Solanes, M. P.: 
with the author, 1957. 

14. Hager, G.: Betrachtungen iiber die sym- 
pathische Ophthalmie, das Vogt-Koyanagische 
Syndrom und die Haradasche Erkrankung, Klin. 
Monatsbl. Augenh. 131 :89-101, 1957. 

15. Yuge, T.: The Relationship Between Vogt- 
Koyanagi Syndrome and Sympathetic Ophthalmia 
—Report of a Case of Vogt-Koyanagi Syndrome, 
Am. J. Ophth. 43 :735-744, 1957. 

16. Mitsui, Y.: Personal communication with the 
author, 1955. 

17. Wadsworth, J. A. C.: The Uveal Tract, 
A. M. A. Arch. Ophth. 59 :446-458, 1958. 

18. Fine, B. S., and Gilligan, J. H.: The Vogt- 
Koyanagi Syndrome, a Variant of Sympathetic 
Ophthalmia: Report of 2 Cases, Am. J. Ophth. 
43 :433-440, 1957. 

19. Laval, J., and Collier, R., Jr.: Elevation of 
Intraocular Pressure Due to Hormonal Steroid 
Therapy in Uveitis, Am. J. Ophth. 39:175-182, 
1955. 


Personal communication 


| 
2 


Peculiar Color Blindness in Peculiar People 


GORDON L. WALLS, Sc.D., Berkeley, Celif. 


Introduction 


When a gene for any of the sex-linked 
“red-green” color blindnesses finds expres- 
sion in an ordinary male, it is only rarely that 
the defect it produces is anything but regu- 
lar, i. e., with characteristics that vary with- 
in narrow limits and leave the defect easy 
to classify. Color blindness in females is 
subject to more variation, in proportion to 
the numbers affected at all. Most people 
who have only casual contacts with color 
blindness, for example, those who admin- 
ister vocational screening tests without really 
understanding them, suppose vaguely that 
color-blind females are rare and perhaps 
accidental. They can hardly be blamed for 
imagining that each such female may have a 
unique defect. 

This is not the situation. But while many, 
and probably most, color-blind females are 
in no way “accidental” and have defects 
identical with those which the same genes 
would produce in males, the defectiveness of 
the small color-blind female population is 
more heterogeneous both physiologically and 
genetically than anyone realized until very 
recently, There is a discrepancy between the 
number of color-defective females actually 
found in, almost any population and the 
theoretical number calculated on any reason- 
able basis. The persons who account for the 
discrepancy are all genetically peculiar in 
one way or another, and it is among these 
persons that the physiologically peculiar, 
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“no-two-alike,’ irregular color-blindness 
systems appear to be concentrated. 

The classical surveys of partial color 
blindness made in large general bisexual 
populations (Waaler, 1927; von Planta, 
1928) showed that about 8% of white Euro- 
pean males have one or another of the 
red-green defects: protanopia, protanomaly 
(protanomalous trichromasy), deuteranopia, 
and deuteranomaly (deuteranomalous tri- 
chromasy). These and the genes for them 
are commonly designated by the symbols P, 
PA, D, and DA. 

If these were all allelic, the incidence of 
color blindness in females would be the 
square of 0.08, or 0.0064, =0.64%. Waaler’s 
and von Planta’s studies revealed only 
0.43% or 0.44%. Some investigators, even 
modern genetically sophisticated ones, seem 
to be content if they can explain this sizable 
discrepancy. They (e. g., Pickford, 1956, 
1958) appeal to Waaler’s own two-locus 
hypothesis, under which the P and PA and 
an N, normality gene are allelic at one 
X-chromosome locus, with the D and DA 
genes (and an Ng) interchangeable at a dis- 
tinct (although closely adjacent) locus. 
Since P/D, P/DA, PA/D, and PA/DA 
females should all be color-normal, their 
subtraction from the “theoretical affecteds” 
would pull the 0.64% of the latter down to 
0.40%, from which the observed 0.44% of 
actual affecteds does not differ significantly. 


This sort of analysis assumes that all 
color-blind females are P/P, P/PA, 
PA/PA, D/D, D/DA, or DA/DA. It is, 
however, inadequate; not that any impor- 
tant number of X-chromosomes contain two 
defect-genes each, for crossing-over between 
the protanoid and deuteranoid loci is to all 
intents and purposes nonexistent, but the 
numbers of homozygous and _allelic- 
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Gene in Paternal X-Chromosome 


P (in 0.01) PA (in 0.01) D (in 0.01) DA (in 0.05) 
P in 0.01 0.0001 show P 0.0001 show PA Normal Normal 
2 P in 0.01 0.0001 show PA 0.0001 show PA Normal Normal 
, Din0.01 Normal Normal 0.0001 show D 0.0005 show DA 
5 DA in 0.05 Normal Normal * 0.0005 show DA 0.0025 show DA 


* Mrs. Grant also has this genotype. 


compound-heterozygous females could not 
total to 0.44% of all females in a very 
large group. 

The relative incidences of the different 
genes in X-chromosomes must agree with 
the relative incidences of the defects in 
males. These incidences are known very 
accurately, for with the figures of Waaler 
and von Planta there can be lumped the 
data from many later surveys of purely 
male populations (Frangois et al., 1957). 
In round numbers, in every 100 males there 
are 1 protanope, 1 protanomal (ordinary or 
extreme), 1 deuteranope, and 5 deuterano- 
mals (ordinary or extreme; Walls, to be 
published). Assuming strict adherence to 
the dominance sequences N,—-PA-—P and 
N@eDA-D, the incidences of the expected 
red-green color-blind female phenotypes will 
be as displayed in a Punnett square (Table). 

These total to 0.0040, or 0.40% of all 
females. This value is indeed far enough 
away from 0.64% to support the two-locus 
hypothesis powerfully, but it falls short of 
the observed 0.44%, although to a statisti- 
cally insignificant extent. Paradoxically, 
however, one knows that a real discrepancy, 
of some value or other and in this direction, 
must exist, for, one knows that there are 
color-blind females who do not find places 
in the theoretical square. 

Until only four years ago, all such per- 
sons would have been assumed to be “mani- 
festing heterozygotes,” women with a single 
one of these generally recessive genes but 
color-blind nevertheless. Such a woman 
may be identified through having had a 
color-normal father or a color-normal son. 
Even while the sex-linked inheritance of the 
red-green defects was still being worked out, 
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the literature already exhibited such cases 
(e. g., Siemens, 1926). At all times there 
have, of course, been some skeptics who 
waved the banner of pater semper incertus. 
There are even prominent contemporary 
investigators (e. g., Pickford, 1958; Lenz, 
1957) who appear not to acknowledge the 
existence of manifesting heterozygotes. 

Undoubtedly (see below) they do exist, 
but at present no one can say how many 
color-blind females outside of the square 
are manifesting heterozygotes and how 
many are something else. This “something 
else” is an assemblage of persons who osten- 
sibly are females but have only one X-chro- 
mosome instead of two, so that they can be 
color-blind on the basis of a single gene. 
Some of them may have a Y-chromosome, 
and any such persons are genetic males. They 
comprise the victims of two particular con- 
ditions which, by definition, are pseudo- 
hermaphroditisms. They are “intersexes” 
but not in the lay sense: they are not 
mannish women or womanish men but ap- 
pear entirely feminine in street clothes and 
can stroll through any powder room unsus- 
pected—even by themselves. Unless they 
have been examined by an expert and un- 
wisely told of their true status, these people 
consider themselves to be women and have 
no reason to think otherwise. They seldom 
have ambiguous genitalia, with any such 
features as an imperfectly closed scrotum, 
a miniature vagina, or an uncanalized 
phallus too small to call a penis and too 
large to seem a clitoris. 

The bearers of these intersexual condi- 
tions—now known as gonadal dysgenesis 
and testicular feminization—would appear 
to have the same relatively high probability 
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of being color blind as normal males. Their 
color-blind representatives, undiagnosed as 
intersexes in the past, have assuredly loaded 
somewhat the statistics of “color-blind fe- 
males.” Those who chanced to have color- 
blind fathers would have raised no doubts 
of any kind. Being sterile, none of them 
could have drawn attention by having had 
a color-normal son, but at least those who 
happened to have. color-normal fathers 
would have been set down as manifesting 
heterozygotes by alert investigators. 

How many of the color-blind females who 
have only one color-blindness gene are in- 
deed manifesting heterozygotes and how 
many have one X-chromosome and no 
Y(“XO”) or are genetically male (XY) 
intersexes passing as females even to their 
parents and their husbands is a problem that 
could only now be realized to exist. Fortu- 
nately the same new “nuclear sexing” proce- 
dure that has uncovered the problem gives us 
the means of working at its solution. Since 
no one is likely to survey 100,000 or so run- 
of-the-mill females for color blindness, we 


are not likely ever to have an accurate figure 
for the total discrepancy between theoretical 


and observed color-blinds. The most that 
we can hope for is a fairly accurate deter- 
mination of the relative numbers of the two 
classes of “nontheoreticals.” 

To be strictly accurate to a satisfactory 
number of decimal places, we should even 
begin to be cautious in evaluations of the 
percentage of color-blind men—for the 
numbers of color-normal males are, we have 
lately learned, falsified by the inclusion of 
ostensible men who have two X-chromo- 
somes with or without a Y, the victims of 
still another not uncommon “intersexual” 
state: “true” Klinefelter’s syndrome. These 
may comprise 0.1% of all “males” ( Prader 


et al., 1958). 


Color Blindness and Intersexes 
The Possibilities —Connections of one 
kind or another between color blindness and 
pseudohermaphroditism have been suspected 
and suggested for many years. Some have 
finally been found (or thought to have been) 
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and are now being explored and exploited 
with increasing velocity. 

The most direct of these connections is 
the one postulated by Kallmann, Schonfeld, 
and Barrera (1944). They were led to 
believe that in a whole class of intersexes, 
eunuchoid in habitus and genitalia, the pri- 
mary hypogonadal condition is in a sense 
caused by color blindness—that is, a hypo- 
thetical X-chromosomal aberration which 
caused color blindness was also the cause of 
the eunuchoidism through a disturbing effect 
upon the sex-determination mechanism. 
This theory will require thorough examina- 
tion, but even if it is then discarded, it 
has to be credited with having alerted endo- 
crinologists—some of them at any rate, 
who have carefully checked for color blind- 
ness every intersex who has gone through 
their hands since. 

As early as 1931, Goldschmidt suggested 
that in the case of any type of intersex, 
however ambiguous anatomically, the true 
“gametic sex” (i. the sex chromosome 
pattern—XX or XY.) might be ascertained 
by looking at the incidence in the group of 
any common sex-linked trait. (Gold- 
schmidt’s own well-known theory of sex 
determination required him to assume that 
any and every human intersex would have 
two X-chromosomes. ) 

Eventually this suggestion was followed 
at least once, by Sorensen (1953), who at- 
tacked the problem of the “true” (genetic) 
sex of persons with hypospadias. Sorensen 
accumulated 104 cases, among whom 7 were 
found to have red-green color blindness of 
one kind or another. This showed clearly 
enough that hypospadiacs have X Y-chromo- 
somes, for 8.32 out of 104 would then be 
expected to be color-blind. Among 79 of 
the fathers of Sorensen’s hypospadiacs, 9 
were color-blind (but could not have passed 
their defects to XY progeny). Of 83 
mothers available for examination, none was 
color-blind, but of course there would have 
been about 16 heterozygous “carriers” 
among 104 mothers. 

Serensen did his work just too soon to 
be able to take advantage of the findings 
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of Moore, Graham, and Barr (1953), who 
were the first to show that the apparent sex- 
chromosome pattern of an intersex (or of 
anyone) can be deduced from the presence 
or absence of a particular small mass of 
chromatin in intermitotic somatic nuclei. 

Such “nuclear sexing” can be done on 
smears of buccal scrapings or of blood or 
on a squash or section biopsy of almost any 
tissue—skin being preferred (Jones and 
Scott, 1958; Grumbach and Barr, 1958, for 
latest techniques). One looks for a special 
small mass of chromatin adherent to the 
nuclear membrane. This is generally be- 
lieved to represent the conjoined hetero- 
chromatin portions of two X-chromosomes. 
If seen in 40%-90% of the cells, it signifies 
that the tissue came from a presumptive 
genetic female—the donor then being said 
to be “chromatin positive.” The mass is 
probably present in nearly all if not all cells 
in the sample and invisible in some only be- 
cause of unfavorable orientation. In a ge- 
netic male (XY) or in an XO human, there 
is not enough X heterochromatin to form a 
detectible mass in more than a few of the 
cells and the donor is called “chromatin 
negative.” 

With blood smears, the criteria are very 
different. In a sample from a female donor, 
a tiny mass connected by a thread to a lobe 
of the nucleus can be found in 2% or 3% 
of the mature neutrophils. This complex, 
resembling a bass-drumstick, was believed 
for several years to be the leukocyte’s spe- 
cial version of the 2X heterochromatin 
“chromocenter” of tissue cells. Decision 
between chromatin-positiveness and chroma- 
tin-negativeness required the examination of 
at least 500 neutrophils, but chromosomal 
sexing on blood was nevertheless considered 
perfectly reliable, although tedious. Lately, 
however, so many reports have accumulated 
of discrepancies between the genetic sex 
indicated by “drumsticks” and that indicated 
by tissue nuclei (Ashley and Jones, 1958) 
that blood can no longer be considered fully 
reliable. The drumstick ball, while some- 
how genetically determined in relation to 
sex, is itself mot the X heterochromatin, for 
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it and the usual sex-chromatin mass may 
be seen in the same cell. A buccal-mucosa 
smear remains the simplest material on 
which reliable nuclear sexing can be done. 

This is a little sad, for the nonmedical 
investigator cannot secure a mouth scraping 
from an ambiguous color-blind female as 
easily as he can obtain a drop of blood from 
her pricked finger. It is psychologically 
essential to keep the subject from knowing 
that she is even suspected of having perhaps 
the sex chromosomes of a male. The pur- 
poses of a blood smear are known to be 
many and various, and it is not hard to give 
a plausible reason for wanting to make one. 
But a woman solicited for a mouth scraping 
may know that it could only be wanted—by 
a nonmedical man—for a determination of 
basic sex, or, if she goes away and asks her 
medically sophisticated friends what it might 
have been needed for, one of them may be 
foolish enough to tell her. 

The “chromatin-negative” nuclear char- 
acteristic does not mean for sure that a 
Y-chromosome is present but only that two 
entire X-chromosomes are not present. In 
one or another of the intersexual conditions 
upon which so much attention is currently 
concentrated, it is perfectly conceivable that 
such sex-chromosome combinations as 
“XO,” “X+ UX,” “XXY,” etc., may be the 
rule. There are investigators in this field 
who think they have already indirectly iden- 
tified persons with one X and no Y (Lenz, 
1957; Gray, 1958). Very direct identifica- 
tions (in metaphases) of XO and XXY 
conditions have lately been made (Ford and 
Polani, 1959). Nuclear sexing, as done at 
present, would not distinguish between XO 
and XY situations nor between XX and 
XXY situations. 

It cannot, then, be assumed here that all 
persons with chromatin-positive nuclei are 
XX persons (chromosomal females, genetic 
females) and that chromatin-negative per- 
sons are always X Y-chromosomal or genetic 
males. The implications for the association 
of a high incidence (ca. 8%) of color 
blindness with a single X-chromosome and 
of a low incidence (ca. 0.4%) of color 
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blindness with two X-chromosomes are the 
same whether a Y-chromosome is assumed 
to be present or not. We shall have to use 
“chromatin-positive” to cover both XX and 
XXY persons and “chromatin-negative” to 
include XY and XO persons. 

With the advent of nuclear sexing, endo- 
crinologists have been prompt to invoke 
color-blindness incidences to confirm the 
sex-chromatin situations found in persons 
with, imperfect sexual anatomy. The pio- 
neering study here was that of Polani, 
Lessof, and Bishop (1956) on gonadal dys- 
genesis. Such studies have, however, led to 
seemingly conflicting results on Klinefelter’s 
syndrome—helping to multiply the cytoge- 
netic hypotheses of the etiology of this con- 
dition (see below). 

Color-blindness checking has so far been 
unfruitful in respect of testicular feminiza- 
tion. This is especially a pity—not that an 
8% incidence of color blindness is essential 
to confirm the “one X+Y” condition in this 
startling syndrome but because more than 
one investigator has pointed out how only 
color-blindness families containing testicular 
feminization will ever show the mode of in- 
heritance of that syndrome. At present, it is 
impossible to decide between autosomal 
dominance and X-linked recessiveness, and 
there are reasons why one investigator will 
find it difficult to pile up statistically signifi- 
cant “lata on this syndrome or to find other 
data with which his own can be pooled (see 
below). 

Finally, the endocrinologist can of course 
turn around and assist the color-blindness 
investigator by helping him to distinguish 
manifesting heterozygotes from color-blind 
“females” who are actually hemizygotes. 
By referring the latter to the color scientist 
for really thorough testing, he may speed 
the day when we will know for sure whether 
a single color-blindness gene in a phenotypi- 
cally female body always, or often, or only 
sometimes has an unusual action if it has 
any large effect at all, and produces an 
irregular version of the defect it would call 
for in the environment of a male body. 
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Kallmann’s Theory.—This theory may 
seem to take up a disproportionate amount 
of space here, but in my opinion it is ex- 
tremely important that this ghost be thor- 
oughly laid. If those who may read the 
theory do not also appreciate how destruc- 
tively it can be criticized, there is danger 
that the more the incidence of color blind- 
ness is used and discussed in connection 
with intersexes, the more endocrinologists 
will say, “But those figures probably mean 
nothing—look at the relationship Kallmann 
established.” 

Kallmann, Schonfeld, and Barrera (1944) 
reported on three pedigrees of primary hy- 
pogonadal (hypogonadotropic?) eunuchoid- 
ism in which there were so many color-blind 
persons—including most of the eunuchoids, 
one of them female—that they were led to 
postulate that the color blindness was in a 
sense the cause of the eunuchoidism. Every 
eunuchoid in all three families had a color- 
blind ascendant. Closely associated also 
with the eunuchoidism were complete anos- 
mia and synkinesia. Mental deficiency was 
less widespread among the eunuchoids. The 
three families offered, all told, 12 eunuch- 
oids, of whom 8 were color-blind; 9, anos- 
mic; 5, synkinetic, and 2, mentally defective. 
Fourteen noneunuchoid members of the 
families were color-blind, and three of these 
were mentally deficient. The authors con- 
sidered “extravagant” the idea that color 
blindness should have been so common in 
the three parts of Russia from which the 
families hailed as to account for their large 
numbers of color-blind members. They were 
sure that they were dealing with a special 
situation. 


The kind(s) of color blindness involved 
cannot be determined. The tests applied 
were the Holmgren, Stilling, and Ishihara 
—none of them of much value for differen- 
tial diagnosis. On this basis, various per- 
sons were deemed totally color blind, almost 
completely color blind, completely red-green 
blind and partially blue-yellow blind, severe- 
ly red-green blind, etc. The pedigrees are 
not, however, in the least inconsistent with 
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the assumption that throughout each family 
some single kind of severe defect (dichro- 
masy) was involved. Unless an anomalo- 
scope is used, a protanope or deuteranope 
—even if not mentally deficient—may easily 
be supposed to be totally color-blind or 
nearly so. Every layman knows of a “total- 
ly color-blind man” in his neighborhood who 
is really only a dichromate. 

No unbelievably high incidence of color- 
blindness in the Russian home areas need be 
contemplated. The chance occurrence in two 
of the families of homozygous color-blind 
females and the marriage of one of these 
to a color-blind man sufficiently explains 
their high percentage of color-blind mem- 
bers. Kallmann et al., however, offered a 
truly extravagant hypothesis: The color 
blindness in these families, whether phys- 
iologically special or not, had a_ special 
genetic basis. It was due to a special muta- 
tion but not a gene mutation. Rather, break- 
age and perhaps translocation in an 
X-chromosome constituted the color-blind- 
ness mutation in itself or was responsible 
for it by way of a position effect. This 
chromosomal aberration, by upsetting a 
Goldschmidtian mechanism of sex-determi- 
nation, was also responsible for the eunu- 
choidism (and, along another route, for the 
other associated defects ). 

Kallmann et al. implied criticism of other 
investigations of familial eunuchoidism, 
because the reports failed to mention either 
the presence or absence of color blindness. 
They suggested that many a color-blindness 
family under genetic investigation contains 
eunuchoid color-blinds who conceal their 
hypogonadic status from the investigator. 
They did not go so far as to say that all 
color-blinds should be checked for eunu- 
choidism, but they did plead for determina- 
tions of the incidence of color blindness in 
eunuchoids. They would concede that the 
association of color deficiencies with gonadal 
anomalies might be coincidental, only if 
“further studies supply a series of eunuchoid 
sibships without color blindness or any other 
sex-linked anomaly in their ancestry.” Just 
such purely eunuchoid  sibships—three 
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brothers, and a brother and sister—have 
been described by Biben and Gordan (1955), 
but no amount of such evidence is needed 
to demolish the hypothesis of Kallmann 
et al. 

In Family “A” there was no color-blind 
female. The three eunuchoids (all color- 
normal) and the four color-blind males were 
so distributed that the X-chromosomes con- 
taining the color blindness gene clearly did 
not contain an eunuchoidism gene, whereas 
other X-chromosomes could have contained 
such a gene—making the eunuchoidism a 
simple X-linked recessive character like the 
color blindness itself but associated with 
the latter purely fortuitously in this family. 
On the other hand, the anosmia and the 
eunuchoidism appear here to have been car- 
ried in the same X-chromosomes, if not 
indeed caused by the same (pleiotropic) 
gene. 

Since color blindness and eunuchoidism 
were not combined in any “A” person, 
Kallmann et al. had to go to special lengths 
to claim a causal connection there. They 
had to assume either that (a) the two 
eunuchoid sons of a color-blind father were 
really female hermaphrodites, heterozygous 
for color blindness and therefore not show- 
ing it, or else that (b) these two eunuchoids 
were either genetic females (XX) homozy- 
gous for color blindness or else genetic males 
with the color-blindness gene (from an 
assumedly heterozygous mother) and with 
the color-blindness gene(s) not manifested 
in either event in consequence, somehow, 
of already having caused eunuchoidism, 
anosmia, etc. 

In Family “B” there was a homozygous 
color-blind matriarch. She had one fertile 
and four anosmic eunuchoid sons, all color- 
blind (as they would have to be), and one 
color-normal daughter. This daughter mar- 
ried a color-blind man, while her fertile 
brother married the latter’s cousin, who 
showed herself to be a color-blindness 
carrier by producing color-blind mono- 
zygotic twin sons (and two color-normal 
daughters). Meanwhile the married sister 
of the four eunuchoids was generating two 
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anosmic, color-blind, eunuchoid sons, prov- 
ing herself to be heterozygous for all three 
defects. Everything about Family “B” fits 
the simple idea that the color-blind matriarch 
had a color-blindness gene in one X- 
chromosome (which she gave to one son), 
and a non-normal allele of it and a gene 
or genes for eunuchoidism-and-anosmia in 
the other X (which she passed to her other 
children). There is no reason to think that 
the color-blindness gene borne by the 
consanguine man and women who married 
into the family was even at the same locus 
as that of the color-blindness gene in the 
eunuchoids. 

In Family “C” a color-blind man was 
married twice. One wife may have carried 
color blindness, for by her he had five 
daughters, one of whom died in Russia and 
was mentally defective and reputedly color 
blind. The other wife was herself color- 
blind, and by her he had three children, 
all eunuchoid. One of these stayed in Russia 
(and should have had to be color-blind, 
although his American relatives supposed 
that he could not be since he was a success- 
ful silk merchant!). A second of these 
eunuchoids was also male and was color- 
blind but not anosmic. The third was the 
only person in Family “C” who keeps it 
from being readily interpreted exactly like 
Families “A” and “B.” For this eunuchoid 
was a female, color-blind, anosmic, deaf, 
diabetic, and mentally deficient. One won- 
ders how she could be eunuchoid if her 
mother could give her only one X-linked 
recessive gene for that condition and why 
her American eunuchoid brother was not 
found to be anosmic. It seems most likely 
that in this particular family the eunuchoid- 
ism gene was X-linked and nominally 
recessive and that in the American male 
eunuchoid it had a mild action (not pro- 
ducing anosmia), while in his sister it had 
a multiple and disastrous action even though 
she was only heterozygous for it. In the 
“C” Family, however, just as in “A” and 
“B,” the inheritance of the color blindness 
was entirely orthodox and was exactly what 
it might have been in any noneunuchoidism 
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family. There is not the slightest reason 
to suppose that it was based upon a 
chromosomal aberration, a position effect, 
or anything but a genic allele or alleles at 
either the protanoid or the deuteranoid 
locus. 

Kallmann was sure that not only the 
hypogonadism and the color blindness, but 
anosmia and mental deficiency, were plei- 
otropic expressions of a single chromosomal 
aberration in these three families. Several 
studies he was able to cite showed an associa- 
tion of anosmia with eunuchoidism, and 
indeed the only pedigree he could find of 
anosmia standing alone was that of Glaser 
(1918), in which X-linked recessive inherit- 
ance was suggested, though not proved. In 
the anosmia literature compiled recently by 
Canciullo (1957), however, no relationship 
to the determination of the genitalia appears, 
and the original pedigree contributed by 
Canciullo exhibits hologynic inheritance of 
the anosmia. 

Kallmann called for studies of the in- 
cidence of sexual maldevelopment in the 
offspring of color-blind parents, and for 
studies of the incidence of color blindness 
not only in “all eunuchoids” but in “certain 
groups of mental defectives.” These latter 
were not particularized but alluded to in 
other paragraphs only by the terms “mental 
deficiency” and “mental defect.” Apparently, 
what were contemplated were the mental 
features of the Laurence-Moon-Bardet- 
Biedl syndrome and Froelich’s syndrome. In 
the early history of color blindness it was 
common to suppose a relation to mental 
deficiency, and color blindness was some- 
times considered a mental (perceptual) 
defect in itself. From the most recent studies 
of the “relation,” the situation appears to 
be a standoff: O’Connor (1957) found a 
nearly twice-normal incidence of red-green 
color blindness in male imbeciles and a 
normal incidence in feeblemindeds (mo- 
rons), but Kratter (1957) found a normal 
incidence in imbeciles and a_half-normal 
incidence in morons. Neither author re- 
ferred to the paper of Kallmann et al., 
although all three papers appeared in the 
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same journal. One’s impression that mentally 
abnormal persons are simply unreliable 
color-blindness testees is only heightened 
by reading the claim of Kaplan and Lynch 
(1945), that (e. g.) 33% of male schizo- 
phrenics are color-defective. 

Gonadal Dysgenesis.—General: In gon- 
adal dysgenesis the gonads are abdominal 
and almost never contain any cells in any 
stage of gametogenesis. Their tissue was 
formerly mistakenly identified as ovarian 
stroma. The gonads being thought to be 
ovaries (streak ovaries), the condition was 
for a time called “ovarian agenesis.” Ac- 
tually, the gonads do not progress in organ- 
ization beyond those of an embryo less than 
50 days old, and in the adult they are still 
neither ovaries nor testes. The person’s 
entire reproductive system remains juvenile 
but is feminine by default just as is that 
of a rabbit of either potential sex castrated 
at any time up to the threshold of the fetal 
period. The simple rule is that the internal 
and external genitalia develop “female” 
unless differentiated testes secrete hormones 
which make them develop “male.” 

The first feature noticed to be associated 
with the primary amenorrhea (betraying 
the “aplastic ovaries”) and the undersized 
genitalia was short stature. Then in a group 
of seven such young women who also hap- 
pened to have pterygium colli (present in 
one-third of cases) and cubitus valgus (less 
common), H. H. Turner (1938) discerned 
a syndrome which was named for him some 
years later. Meanwhile the very high FSH 
titer which characterizes the condition (im- 
plying the absence of ovaries) was noticed. 
Three studies in 1954 independently re- 
vealed that in most cases the somatic nuclei 
are negative with regard to sex chromatin. 
Finally, the first chromatin-negative cases 
to be studied as regards somatic mitotic 
metaphases have proved to have only one 
X-chromosome and no Y (Ford and Polani, 
1959). Such persons are not “genetic 
males”; in only one chromatin-negative 
Turner have follicles and ova been seen 


(Greenblatt, 1958). 
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Many bodily defects, mostly minor, have 
sporadic distribution among the victims of 
gonadal dysgenesis (Lenz, 1957; Jones and 
Scott, 1958). What little evidence there is 
for its inheritability seems to tie gonadal 
dysgenesis to Status Bonnevie-Ullrich 
(Lenz, 1957; Hoffenberg and Jackson, 
1957), which would mean that it is based 
upon a pleiotropic gene. The most nearly 
normal-looking persons (with average 
height, etc.) are most likely to be ones who 
are chromatin-positive and presumably have 
two X-chromosomes (Lenz, 1957). Such 
persons, having no germ plasm, are not 
sexually normal, but they are not intersexes 
and, even if they are not identified, they 
should not cause confusion in the interpreta- 
tion of color-blindness pedigrees. Neither 
should the rare case of “Turner’s syndrome 
in a male,” whose external genitalia are 
eunuchoid. 

In some small series of cases the number 
found to be chromatin-negative has been 
as high as 6 out of 7 or 20 out of 22 or 
as low as 8 out of 18. Larger compilations 
indicate 80% or more (Lenz: 156 out of 
195; Segal and Nelson, 1957: 98 out of 
117). Grumbach and Barr (1958) find over 
88% (90 out of 102) of Turners to be 
chromatin-negative. Under the “embryonic 
castration” hypothesis, it would seem that 
if 85 Turners out of 100 are XO, 50 may 
have started out as XY zygotes, losing the 
Y in an early cleavage, the other 35 hav- 
ing similarly lost one X. More likely, non- 
disjunction of X and Y creates O sperms 
which then fertilize X eggs. The XO con- 
dition may bring on the “castration,” but 
why the 15 XX Turners out of 100 are 
subject to this effect remains a mystery. 

Fortunately, the majority of cases of 
gonadal dysgenesis are likely to be easy to 
spot in their street clothes. The nonmedical 
color-vision researcher or geneticist will be 
alerted by any teen-aged or adult woman 
not quite 5 ft. tall with a childish voice, 
with or without a webbed neck or bent el- 
bows. He can ascertain whether there is 
primary amenorrhea by burying among 
“health” questions of various kinds a casual 
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query about the regularity of cycles, etc. 
He cannot secure a skin sample or a vaginal 
smear, and he may be hard put to explain 
why he wanted to scrape oral mucosa, but 
he is advised to try—or else to solicit the 
cooperation of the woman’s physician, who 
may or may not already know that she is 
a “Turner’s.” 

Prior to puberty, the gonadal-dysgenesis 
girl may suggest her status by exhibiting 
small stature and a history of low birth 
weight. It should not be deemed too much 
trouble to obtain a sex-chromatin determina- 
tion from any color-blind young girl, how- 
ever—‘just in case.” Even if the father is 
color blind (and even in the same way), 
the child may have only a maternal X- 
chromosome, containing a color-blindness 
gene, with no normality gene to dominate it. 

The first report of color blindness in 
this syndrome was that of Polani, Lessof, 
and Bishop (1956), who looked for color 
blindness in 25 cases as a means of con- 
firming the significance of mnuclear-sex 
determinations. Here, foreknowledge of a 
presumptive XY situation in 20 of them led 
the workers to expect a couple of color- 
blinds. They found four. None of their 
other (XX) cases was color-blind. 

Lenz (1957) was able to add an unpub- 
lished “red-green weak” case of Turner’s 
syndrome reported by letter to him by 
Wilkins, in 1956, and described a case of 
his own. This was of a 15-year-old girl with 
gonadal dysgenesis and negative for sex 
chromatin, who was diagnosed as deu- 
teranopic with the Nagel anomaloscope. 
Both parents were color-normal, but two 
maternal uncles had been rejected for the 
Luftwaffe and had always confused greens 
and browns and the girl’s little brother was 
“markedly red-green weak” on a _ wool 
(Holmgren?) test but too young for any 
sharper diagnosis. 

R. G. Frey, a Viennese ophthalmologist, 
has lately told me by letter of a deuteranopic 
girl, whose father is also deuteranopic and 
whose mother and brother are color-normal. 
She might have been homozygous (with a 
heterozygous mother), or she might have 
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been a manifesting heterozygote (with a 
homozygous-normal mother), but the girl 
presented features which suggested gonadal 
dysgenesis. Frey secured a’ sex-chromatin 
determination, which was negative, showing 
that the girl must owe her one deuteranopia 
gene to a heterozygous mother. 

It is too early, of course, for any confirma- 
tion of expectation as regards the relative 
incidences of protanopia, protanomaly, deu- 
teranopia, and deuteranomaly in chromatin- 
negative females with gonadal dysgenesis. 
The proportions should be the same here 
as in sexually perfect males—1:1:1:5. 

Gonadal Dysgenesis.—Report of a Case: 
In 1952, I was told of a 19-year-old girl, 
color-blind but with color-normal parents, 
and investigated the family. The girl, Case 
1, was essentially deuteranopic. Her parents 
were indeed color-normal, as were her 
younger sister and still-younger brother. 
Her mother’s father, reputed color-blind, 
proved to be a typical deuteranope. It seemed 
clear that Case 1 was a manifesting het- 
erozygote for deuteranopia and eventually 
she was so described in print (Walls, 1955). 

The “deuteranopia” of Case 1 was irreg- 
ular, that is, it had features which made 
it differ from deuteranopia as seen in males 
and in homozygous females. She saw only 
two hues in the spectrum and had the ex- 
pected relative luminosity curve, and her 
anomaloscope settings were deuteranopic, 
but her RDP-report and neutral point were 
unique. Instead of seeing no RDP at all 
(Walls and Mathews, 1952), she saw a 
Type I pattern and, moreover, said that its 
purple had “a lot of red in it.” (What sensa- 
tion she may call “red,” one does not know, 
but the point is, deuteranopes do not say 
they see a reddish RDP.) The neutral point 
of Case 1 with respect to C. I. E. Source C 
as a standard white light (6,700 degrees K) 
lay at A494.2 my. The neutral points of 19 
protanopes as determined with the same 
apparatus ranged from 488.5 to 493.6 my, 
those of 14 deuteranopes from 495.2 to 
501.8 mp. The value of Case 1 was thus in 
an intergroup no man’s land, the realness 


49/21 


4 

fi 

“an 

: 

a 


of which has since been abundantly con- 
firmed (Walls and Heath, 1956). 

Everything about Case 1’s color defect 
was consistent with the idea that its basis 
lay in abnormal circuitry in the pathways 
above the retina or, at least, above the recep- 
tors. In this respect she aligned with an 
indubitable manifesting heterozygote for 
protanopia, Case 2, and with other cases in 
the literature (Walls, 1955). She thus con- 
tributed to a hypothesis that when a single 
color-blindness gene does have a marked 
action in a female, the defect it produces is 
irregular—it is not just the one which the 
same gene would produce in a male—and 
the action appears to hit only the pathways 
and to spare the receptors. 

There were things about Case 1, also, 
which suggested prenatal cerebral damage 
(chemotic in her case) as a possible cause 
of the manifestation of her one deuteranopia 
gene. Here, too, she aligned with at least 
some manifesting heterozygotes, Case 2 and 
the Dionne quintuplets, for example. Her 
mother was only 18 when Case 1 was born. 
She was carried a full month past term, was 
born only then by courtesy of castor oil 
and quinine, yet weighed only 4 Ib., and 
was managed about like a premature. She 
grew up to be short and plump, retained 
a childish voice, and had not yet menstruated 
at 18, when exogenous hormone therapy 
was instituted in keeping with a childhood 
diagnosis of “hypopituitarism.” 

Becoming aware of the possibility that 
Case 1 was a chromosomal male, I regained 
contact with her for additional visual testing 
and on a pretext made some blood smears. 
These were read by Dr. Melvin B. Black, 
whose pronouncement was “undoubtedly 
male” (i. e., chromatin-negative). Now 26, 
Case 1 has been married two years. She is 
59 in. tall, weighs 168 Ib. Her neck is thick 
but not webbed; her elbows are practically 
straight. She knows of no defects other 
than her primary amenorrhea. She certainly 
has gonadal dysgenesis. I found that her 
present general practitioner, to whom she 
has gone primarily for a weight-reduction 
program, had not made that diagnosis and 
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in fact had never heard of Turner’s syn- 
drome. 

These facts about Case 1 are set forth 
in such detail for two purposes: to show 
how easily a color-blindness investigator 
may be led to think he is dealing with a 
manifesting heterozygote when he is not 
and to make it clear that the irregularity of 
the “deuteranopia” in Case 1 was noticed 
and interpreted as suprareceptoral before 
she was discovered to have only one X- 
chromosome. The irregularity can now be 
further annotated. Recently Case 1 was 
given the AO H-R-R test (under 6,700 
degrees K light). She read all of the “blue- 
yellow” plates without error but saw no 
characters on the “red-green” plates with 
the exception of the “O” on the last plate 
(No. 16). Applying the scoring rules rigidly, 
this would make the color blindness of Case 
1 a “strong protan” defect! It would be 
more reasonable to relax the rules enough 
to call it a “strong red-green defect, un- 
classified as to type.” In any event, her 
performance was unique. For her to read 
neither deutan nor protan characters is, 
however, entirely to be expected, if her 
6,700 degrees K neutral point is between 
the ranges of protanopic and deuteranopic 
neutral-point wave lengths and the AO H- 
R-R characters have the dominant wave 
lengths they were intended to have (Walls, 
to be published). 

On the same occasion (1958), the neutral 
point of Case 1 was redetermined with 
respect to N. B. S. Source D (7,500 degrees 
K). Curiously, the difference of whites did 
not move the empirical neutral point violet- 
ward ; it was found to be at 4494.1 my. The 
result of this was that with respect to 
7,500 degrees K white, the neutral point of 
Case 1 is barely not in the intergroup no 
man’s land. At this writing, my data contain 
25 protanopic 7,500 degree K neutral points 
ranging from 488.7 to 492.0 and 25 deu- 
teranopic values running from 493.2 to 
503.8 mp..Only one of these latter is at a 
wave length shorter than that of Case 1. 

Testicular Feminization.—In testicular 
feminization (“Goldberg-Maxwell  syn- 
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drome’) the person’s sex of rearing and 
social sex are invariably female. As an adult 
in street clothes, her invariable status as a 
sex-chromatin-negative (and probably an 
XY “chromosomal male”) is perfectly con- 
cealed. Her eunuchoid proportions (high 
ratio of span to height) are unlikely to 
attract notice. Her friends may consider her 
to have a leggy figure—but hardly a boyish 
one: she seems “all woman” and is likely 
to be particularly full-breasted. The only 
sign of her syndrome that may show is a 
complete lack of axillary hair, but this will 
not betray her since so many women keep 
their axillary hair removed. 

The testicularly feminized person’s repro- 
ductive system ordinarily appears unambig- 
uously female, although not quite complete. 
There is always a vagina which is useful or 
can be made so, but there is rarely any 
development of the uterus. The testes are 
usually abdominal, usually located like 


ovaries, and even look like ovaries, grossly. 
They may, however, be inguinal or even 
embedded in the labia majora. In such loca- 
tions their painfulness when pressed insti- 


gates their surgical removal. 

These women are as likely as any to 
marry, and happily unless they very much 
want the children they cannot have. Uterus 
or no, primary amenorrhea is inevitable, and 
the testes produce no functional gametes of 
any kind. 

The investigator of an ambigously color- 
blind, normal-looking female can identify 
her as an instance of testicular feminization 
if she admits to the lack of menstruation and 
axillary hair (she will then lack pubic hair 
also, but this will not have to be disclosed). 
The finding of “chromosomal maleness” 
via a buccal smear will be clinching. The 
patient must not then be told of her genetic 
status, but she may know of it already and 
evade questions or procedures which would 
confirm it. There have been at least 90 cases 
reported, for this number of familial ones, 
known to him, is mentioned by Lenz (1957). 
Undoubtedly hundreds are identified. with- 
out report (Gordan, personal communica- 
tion). The average patient being perfectly 
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marriageable and completely disguised even 
from the average husband, the obvious 
dangers of gossip and blackmail keep her 
gynecologist from publishing on her by 
masked photograph or even by initials. 
Testicular feminization may be “the most 
arresting syndrome in intersexuality” (Jones 
and Scott, 1958), but it is the one which 
the medical student is least likely to be 
shown in the flesh. 


This syndrome is certainly hereditary, 
and one may speak of a carrier state, since 
mothers and aunts of affected daughters may 
also lack axillary and pubic hair. In lumped 
sibships, the number of affecteds exceeds the 
number of normal males but the sum of the 
two groups equals the number of normal 
females (Grumbach and Barr, 1958). Un- 
less and until chromosomal counts on 
metaphases indicate otherwise, it can be 
assumed that a Y-chromosome is present, 
although with its masculinizing power some- 
how reduced or counteracted. 

Lenz (1957) pleads for a sharp watch for 
color blindness in the families of affecteds, 
since without marking of X-chromosomes 
by some relatively common X-linked gene, 
it cannot be firmly decided whether testicular 
feminization is inherited as a sex-linked 
recessive or as a_ sex-limited autosomal 
dominant (which, as a minimal expression, 
apparently suppresses the follicles of sexual 
hair). Independently, Grumbach and Barr 
(1958) have pointed this out also. Lenz 
could learn of only two cases found to be 
color-blind up to 1957, one of them (“red- 
green weak”) reported by letter to him by 
Wiedemann in 1956, the other (“red-green 
blind”) a little later by Napp. 


Klinefelter’s Syndrome.—In a ‘character- 
istic case of this syndrome the person is 
“all man” in habitus and genitalia but is 
chromatin-positive—the antithesis of the 
victim of testicular feminization. The only 
invariable clinical sign is an undersized 
condition of the testicles, which are rarely 
larger than 1.51.0X0.5 cm. For this rea- 
son Ferguson-Smith (1958) prefers to call 
the syndrome primary microrchidism rather 
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than by any of its many other suggested 
names which describe no overt stigmata. 

Under the original eponym, at least two 
conditions are included. An early distinction 
was made between “typical” or “true” 
Klinefelter’s and “false” Klinefelter’s syn- 
drome (Klinefelter, 1958). In the former 
the seminiferous tubules were very dys- 
genetic, either fibrotic or hyalinized, and 
very rarely produced any spermatozoa. In 
the latter their somatic tissue was more 
nearly normal and the germ tissue more 
abundant, although spermatogenesis all the 
way to spermatozoa was supposed to be 
unusual, Upon the advent of nuclear sexing, 
it was soon believed that the “true” cases 
were all chromatin-positive, the “false” ones 
chromatin-negative. The occasional chroma- 
tin-positive case whose ejaculate contains 
motile sperms was believed to represent 
complete sex-reversal, with a counterpart in 
the very rare case of Turner’s syndrome 
who forms ova but is chromatin-negative 
(Greenblatt, 1958). Actually neither a fertile 
Turner nor a fertile Klinefelter could be 
considered sex-reversed at all, if the Turner 
is XO and the Klinefelter is XXY (see 
below). 

The sharpness of the difference in tubule 
histology (basing the “true” versus “false” 
distinction) in the chromatin-positive and 
chromatin-negative cases has broken down 
(Grumbach and Barr, 1958; Ferguson- 
Smith, 1958). It now seems logical to give 
more emphasis to the sex chromatin than 
to the tubular status and to speak therefore 
of “chromatin-positive and chromatin-nega- 
tive Klinefelter’s syndrome (or primary 
microrchidism).” This point of view tends 
to keep attention properly upon the basic 
genetical puzzle—the occurrence of two 
chromosomal versions—rather than upon 
differences which must have a secondary 
(hormonal) substrate. 

Nevertheless the chromatin-positive cases 
are more likely or very much more likely 
to have some combination of the most 
dystrophic tubules (hence the smallest 
testicles), complete aspermia, supernormal 
urinary gonadotropins, decreased urinary 
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17-ketosteroids, eunuchoid proportions, and 
gynecomastia. 

The consensus has been that about 80% 
of all primary-microrchic males are chroma- 
tin-positive. Stewart et al. (1958) believe, 
on the other hand, that the chromatin- 
negative and chromatin-positive versions 
are equally numerous and that each occurs 
in at least 1 in every 10,000 ostensible 
males. Prader et al. (1958) raise this esti- 
mate to 1 in 1,000, for the chromatin- 
positive condition at least (which they find 
in more than 2% of oligophrenic boys). 

It is in respect to Klinefelter’s syndrome, 
rather than in either of the one-X conditions 
dealt with above, that we have the most 
interesting involvements with color blind- 
ness. Here, what to expect as regards color- 
blindness incidences may seem to depend 
directly upon the nuclear-sex findings, as 
indicating the presence of only one X- 
chromosome or two. But the incidences so 
far reported have seemed to call into ques- 
tion the very significance of the sex- 
chromatin findings in this syndrome and 
have added to the hypotheses of its cyto- 
genetic etiology—numerous enough and con- 
tradictory enough without such addition. 

In the first extensive survey for color 
blindness in Klinefelter’s syndrome, No- 
wakowski, Lenz and Parada (1958) found 
a surprising situation. From among 258 
males having various degrees of testicular 
hypoplasia, they were able to select out 37 
who were chromatin-positive and had high 
urinary gonadotropin levels. These 37 were 
accepted as cases of true Klinefelter’s 
syndrome, irrespective of other symptoms 
shown or not shown. Of the 37, 3 (8% !) 
were “red-green weak” (Ishihara) but all 
three had color-normal fathers. Two of 
them, however, each had a. color-blind 
brother, and one of the three had a deu- 
teranomalous mother. 

The investigators might have concluded 
that they were dealing with three manifest- 
ing heterozygotes. Out of any 37 XX or 
XXY humans, about 6 would be expected 
to be red-green color-blindness heterozygotes 
anyway. For half of these to manifest their 
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gene would of course be most improbable— 
unless perhaps the biochemical environment 
provided by a Klinefelter’s-syndrome body 
somehow encourages such manifestation. 

Nowakowski et al. did not even entertain 
this possibility. They considered that Kline- 
felter persons, if they have a male-like 
incidence of color blindness, are not geneti- 
cally female in the usual sense even if they 
are chromatin-positive. If they have no Y- 
chromosome, they are not genetically male 
either, so they are “chromosomal intersexes.” 
To the minds of these authors the most 
plausible hypothesis was that an X-chromo- 
some had become broken, with the portion 
containing the color-blindness loci lost en- 
tirely. Such an X, getting into a zygote 
along with a normal X, determines Kline- 
felter’s syndrome (as a greatly weakened 
femininity) and allows the person to be 
color-blind if the normal X happens to con- 
tain a color-blindness gene. At the same 
time, the sex-chromatin mass formed in 
intermitotic nuclei by the “1%4” X-chro- 
mosomes in the same, and the same in size, 
as in normal XX-females, making these 
nuclei chromatin-positive. There is no con- 
flict here, for “die Teile des x-Chromosoms, 
welche fiir die Differenzierung der Gonaden 
verantwortlich sind, sind offenbar andere 
als die, welche den Chromatinbefund bestim- 
men.” 

There are important immediate objections 
to this broken-X hypothesis. It does not 
account for the chromatin-negative “Kline- 
felters,” which may not seem so bad if these 
comprise only 20% but is serious if they 
constitute 50% of all, as Stewart believes. 
If a chromatin-negative person had to have 
% X + a Y, he would surely not be viable. 
The chromatin-positive would have to have 
such a chromatin-negative and a fertile one, 
or else a fertile chromatin-positive, for one 
parent—or else every Klinefelter would 
have to represent a separate mutation and 
more than one case in the same family 
would be highly unlikely. Occurrence in 
two generations has indeed been reported 
only once, but many affected sibships are 
on record and even some containing both 
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chromatin-positive and chromatin-negative 
persons (Stewart et al., 1958). 

Several other etiological hypotheses have 
been offered and are discussed or cited by 
Grumbach and Barr (1958), Gray (1958), 
and Stewart et al. (1958). Stewart’s own 
is the most interesting, if only because it 
accounts plausibly for both the chromatin- 
positive and chromatin-negative conditions 
with an essentially common mechanism. 
Moreover, Stewart and his associates have 
tested “Klinefelters” for color blindness 
even more extensively than Nowakowski et 
al. and, while their findings do not support 
any etiological hypothesis involving chro- 
mosomal aberrations, they definitely conflict 
with the color-blindness findings of No- 
wakowski and thereby weaken, if they do 
not destroy, the “broken-X” theory. 

The first announcement in this connection 
(by Stewart et al., 1958) was that 16 “K—” 
and 11 “K+” cases had been seen, that the 
color vision of most of these had been 
checked, and that color blindness had been 
found only among the chromatin-negatives. 
At the time, Stewart did not know of No- 
wakowski’s work. An account of the details 
of the distribution of color blindness among 
Stewart’s early patients (unfortunately, in- 
accurate) was published by Pickford (1958) ; 
no attention should be given to this. Mean- 
while, Stewart continued to accumulate both 
K+ and K— cases in Glasgow, testing all 
for color blindness, and arranged with 
Polani in London and Prader in Zurich to 
pool their data to build up statistical sig- 
nificance. This goal attained, a joint paper 
was prepared (Polani et al., 1958) tabulating 
the data upon 47 patients seen in Glasgow, 
35 in London, and 11 in Zurich. 

Among 55 K+ none was color-blind, but 
less than 1 such person (0.22) would have 
been expected if K+ persons are XX or 
XXY (44 if they are XY). Among 38 
K-—, 4 were color-blind, as compared with 
an expectation of 3.04 if K— means XY 
and 0.15 if it should mean XX or XXY. 
To the 17 Glasgow K— cases (3 of them 
color-blind) and the 30 Glasgow K+ cases, 
Stewart has since been able to add 10 more 
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tion). At least 65 color-normal K+ (and 
4 color-blind K— out of 38) can thus be 
ranged against Nowakowski’s 37 K+ con- 
taining three color-blinds (combined with no 
data at all regarding K—). 

If these 65 are added to Nowakowski’s 
37, we have 102 K+. If the 102 have two 
whole X-chromosomes, about 16 of them 
should be simple “heterozygotes. Nowakow- 
ski’s three color-blinds, if they are manifest- 
ing heterozygotes, constitute 19% of all of 
the heterozygotes. This may seem fantastic, 
and yet the conclusion seems inescapable 
that a highly improbable coincidence has 
deceived Nowakowski et al. and led them 
down the garden path of cytogenetic theo- 
rization. 

The latest information, from actual met- 
aphasal counts, puts the hereditary chro- 
matin-positive Klinefelter on a cytogenetic 
basis of habitual nondisjunction. So far, five 
K-+ in succession have proved to be XXY 
(from an X egg and XY sperm or else from 
an XX egg and a Y sperm) ; the only K— 
examined proved to be XY (Ford and 
Polani, 1959). 

The principal problem here for the color- 
blindness investigator is one of identification. 
A color-normal son of a color-blind woman 
can cause her to be falsely labeled a man- 
ifesting heterozygote, if the “son” happens 
to be a chromatin-positive Klinefelter’s. 
Prepubertally, the only sign is undersized 
testicles, likely to be ignored even by the 
boy himself. Beyond puberty, gynecomastia 
commonly appears but may be treated em- 
pirically by scarless subcutaneous mastec- 
tomy. By manhood, the patient may even 
have forgotten this operation and may never 
have known its significance anyway. 

If the adult K+ marries, he may or may 
not discover that either he or his wife must 
be sterile, He may or may not assume that 
he is the infertile one. He may or may not 
present himself to a physician or attend a 
sterility clinic. Lastly, he may or may not 
be correctly diagnosed. 

So very many of these persons necessarily 
go unrecognized that what the conscientious 
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K +, all color-normal (personal communica- 


color-blindness investigator must do seems 
clear. Color-blind women with a color-nor- 
mal son are not numerous, It is not too 
much trouble to check a buccal smear from 
every such boy to exclude the possibility of 
his being a chromatin-positive Klinefelter. 
This check, in itself, may not establish 
whether the mother is homozygous or 
heterozygous, but it may enable a diagnosis 
of the son which otherwise inight never be 
made. 

Sooner or later also, a color-blind K+ 
will turn up whose father shows the same 
defect and whose mother is color-normal. 
She will be adjudged a simple heterozygote, 
and the investigator who has not diagnosed 
the K+ will congratulate himself upon 
avoiding the assumption of holandric trans- 
mission such as does occur in the unique 
Cambier family (Reed et al., 1951). Yet 
father-to-son transmission could be said to 
have occurred—certainly, if the father and 
son exhibit an anomalous trichromasy and 
the mother is heterozygous for the allelic 
dichromasy. In such a case, also, one could 
be sure that the XX Y-condition arose from 
an X egg and an XY sperm.* 


Manifesting Heterozygotes 


Identification and Study.—Excluding XO 
and XXY persons and XY pseudofemales 
and assuming that a defect any ordinary 
XX female shows is exactly the defect which 
the same gene would produce in an XY 
male, most would agree that few more than 
half of all manifesting heterozygotes could 
possibly be identified as heterozygotes. 

When a color-blind girl’s father is color- 
normal, one knows that she has only one 
defect-gene. This she owes to her mother 
whether the latter is color-normal (but neces- 
sarily heterozygous) or color-blind because 
she is homozygous for one defect or a com- 


pound heterozygote for two allelic defects. 


*In a letter to be published (in Nature), Prof. 
Curt Stern outlines a mechanism whereby any or 
all of Nowakowski’s K+ color-blinds could be 
homozygous even with heterozygous mothers pro- 
vided they developed from XX eggs fertilized by 
Y sperms. 
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When however a color-blind girl’s father 
is color-blind and her mother is color normal, 
the girl may be a manifesting heterozygote 
but it will be practically impossible to prove 
it unless she eventually produces a color- 
normal son. She might have any number 
of color-normal brothers, but they will not 
be enough to prove her mother to be homo- 
zygous normal. Nor can the girl be proved 
to have two different (but allelic) defect- 
genes, for her mother cannot be proved to 
have given her one even if she did indeed 
have one to give. 

For every 8 fathers who have red-green 
color blindness, there are 15.44 mothers who 
are heterozygous for some one defect. A 
girl is about twice as likely to have a carrier 
mother as to have an affected father, but 
while she could not escape the father’s 
defect-gene, she has only a 50% chance of 
receiving her mother’s. So a heterozygote 
(manifesting or not) is just about as likely 
to owe her color blindness gene to a color- 
normal mother as to a color-blind father. 
Of all manifesting heterozygotes, the ca. 
' 50% who have heterozygous mothers and 
color-normal fathers are the ones readily 
identified. The ca. 50% who have color- 
blind fathers and homozygous-normal moth- 
ers and who themselves have had no 
color-normal sons cannot be known to be 
heterozygotes. However interesting the fea- 
tures of their defects may be, they must 
inevitably go to waste as research data. 

It is not necessary to compile here all 
ancient and modern reports of color-blind 
females interpretable as manifesting het- 
erozygotes, merely to pile up proof that 
such females exist. Even long ago, there 
seemed no doubt of that (Franceschetti, 
1929; Schmidt, 1934). If new doubt now 
seems to arise as to whether all old descrip- 
tions of color-blind women with color-nor- 
mal fathers were really concerned with 
XX females, one can still point to old re- 
ports of normal sons born to such women, 
who, to be fertile, must have been XX. (An 
XO mouse is a fertile female; an XO 
human is not.) 
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There is one thing unsatisfactory about 
the older reports. The defective persons were 
almost always merely identified as “red- 
green blind” or as deuteranopic, protanoma- 
lous, etc. by means of at most one or two 
tests, such as an anomaloscope or pseu- 
doisochromatic charts. It is impossible to tell 
whether their defects were regular or not 
(and this is also true of the color-blind 
XY pseudofemales, and XO Turner fe- 
males who are being found currently). 

The few cases to be detailed here have 
been selected because they are contemporary. 
They have something more in common. They 
are all “remarkable” not only genetically but 
physiologically. They have therefore received 
close study (revealing their defects to be 
irregular) instead of being forced into one 
of the orthodox pigeonholes and dismissed 
as they would have been in the past. Their 
common irregularity has so impressed me 
that I expect that the next manifesting 
heterozygote to be identified will also prove 
to have a defect somewhat different from 
that which her gene would produce in a 
homozygote or in a male. Conversely, I am 
highly suspicious that one or two other 
“irregular” females in my ken are each het- 
erozygous for some one orthodox gene, 
although I cannot yet prove that they are. 

In short, one purpose of this paper is to 
offer the hypothesis that in manifesting 
heterozygotes close study of the color defect 
itself will show it to differ in important 
features from the standard defect which at 
first glance it seems to be. My experience 
with Case 1 (above) leads me to think that 
the color defects of all XO- and XY-“fe- 
males” also deserve careful scrutiny, for it 
may be that when one gene produces con- 
spicuous color deficiency in any female body, 
it has actions somehow different from those 
it has in a male body or, in double dose, 
in a female. I further believe that these one- 
gene-female actions may always be of such 
nature that the visual cells themselves are 
spared, but this is not the place for a full 
development of the basis for that. belief. 

Some investigators, commencing with 
Franceschetti (1929), have offered evidence 
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that a single color-defect gene in a female 
can be caused to “manifest” by the presence 
of a gene for some other sort of defect, 
e. g., Stargardt’s disease. The evidence for 
mutual penetrance and/or expression-in- 
creasing effects of color-blindness genes is 
not voluminous. Some such effects may have 
occurred in some persons in the complex 
pedigree of Crone (1956) (although the 
atypically achromatic mother and son there 
are probably orthodox deuteranope-trit- 
anope combinations). Clear interactions 
were claimed to have occurred in the famous 
pedigree of Jaeger (1951), where two 
sisters were respectively protanopic and 
deuteranomalous (irregularly!) although 
each was only heterozygous for both defects 
(Walls and Mathews, 1952). 

The first of these contemporary and 
startling cases to come to my attention was 
Case 2 (=Ba. L. of Walls and Mathews). 
One of a pair of twins whose monozygosity 
can be attested serologically and otherwise 
by Dr. Charles W. Cotterman, Case 2 is an 
apparent protanope. Her sister is completely 
color-normal. So is the father and the mother 
and two of her brothers, but a third maternal 
uncle is a typical protanope. The mother and 
the twins all show Schmidt's sign, a depres- 
sion of luminosity in the longwave half of 
the spectrum which two or three out of four 
heterozygotes for protanopia or protanomaly 
show as a carrier state (Schmidt, 1934, 
1955; Walls and Mathews, 1952). Beyond 
this, Case 2 is a true dichromate, with a 
neutral point exactly at the protanopic aver- 
age wave-length value. 

Were Case 2 a genuine protanope, her 
retina would lack the redness receptors and 
she would show the more profound depres- 
sion of longwave brightness which charac- 
terizes regular protanopia. Colorwise, Case 
2 is a protanope ; brightnesswise, she is only 
a carrier like her twin and their mother— 
a paradox which can be resolved only in 
the suprareceptoral pathways ( Walls, 1955). 
The protanopia gene here has knocked out 
the cerebral redness neurophysiological 
component of color sensations without sup- 
pressing the retinal redness receptors, which 
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are thus able to contribute a Schmidt’s-sign 
magnitude of brightness to the sensations 
from longwave stimuli. Here, now, is a 
heterozygous manifestation which on the 
basis of an anomaloscope or a pseudoisochro- 
matic chart test, or even both, would be 
unsuspectingly recorded as protanopia. 

It was Case 2 who first made me wonder 
whether it takes some sort of brain damage 
to cause a simple heterozygous color condi- 
tion to “manifest.” At birth she had a 
meningocele which was slow to recede, and 
she squinted quite noticeably until 8 years 
of age. In adulthood she retains an alternat- 
ing strabismus of small angle and has at 
least one partially paralyzed extraocular 
muscle, This suggests a considerable pres- 
sure affecting parts of the brain before or 
during birth. The same thoughts arise about 
the Dionne quintuplets. They were monozy- 
gotic, and two were found to be red-green 
color blind (apparently irregularly) when 
all five were tested with Ishihara charts at 
6 years 9 months and again at 7 years 5 
months. All five were necessarily heterozy- 
gous, and it is perhaps no coincidence that 
the two who manifested a color deficiency 
were the same two who later exhibited 
epilepsy (one of them having died during a 
seizure in 1954). At this writing, two of the 
five have each borne one son. A chance 
score would make one of them color-blind. 

Another case in point for the hypothesis 
of irregularity in one-gene-female defects 
is that of Case 3. This young woman’s 
color deficiency has received special attention 
because it pertains to one eye only. Vision 
with the right eye is normal. Case 3 was 
under study off and on for three or four 
years by C. H. Graham and Yun Hsia. She 
has furnished much of the basis for a new 
interpretation of deuteranopia and protano- 
pia (particularly the former), which has 
been appearing in a series of papers 
(Graham and Hsia, 1957, 1958; Walls, 
[1959] to be published). 

Graham and Hsia want to consider the 
left-eyed color vision of Case 3 to be es- 
sentially deuteranopia. Her usefulness for 
their theorization depends upon the extent 
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to which it is regular. They themselves have 
said, however, that “. . . she did not give 
completely typical deuteranopic responses, 
particularly in hue discrimination,” that 
“".. her left eye does not fit a category of 
classical color defect,” that while “. . . she is 
most readily classifiable as a deuteranope .. . 
she discriminates hues better in the blue 
region of the spectrum than does the class- 
ical deuteranope,”’ on the other hand “. . . 
some loss in blue sensitivity seems to be 
added to the basic loss of green sensitivity.” 

These are considerable understatements. 
The wave-length-discrimination curve of 
Case 3 is nothing like that of a deuteranope, 
owing to a most unusual mode of variation 
of saturation with wavelength. She sees 
only the two hues yellow and blue in the 
spectrum, separated by a neutral point within 
the deuteranopic range, and she is a 


dichromate colorimetrically. Along with 
her unusual saturations she suffers very 
great “losses” of mesopic and photopic 
luminosity in all but the longwave region, 
whereas regular deuteranopes enjoy a de- 


monstrable gain (over normals) in mid- 
spectral photopic brightness (Heath, 1958). 
Case 3 makes an unheard-of performance 
on the AO H-R-R test (first edition): al- 
though on the “red-green” plates she is 
almost perfectly consistently “strong deutan” 
(making a “protan” error only on Plate 13), 
she also earns a label of “medium blue- 
yellow defect, unclassified as to type” by 
failing to see the “X” on Plate 5 or either 
character on either Plate 6 or Plate 17. No 
deuteranope was ever found to perform so. 

The “deuteranopia” of Case 3 is thus 
highly irregular. This is not necessarily 
because it is uniocular, for more regular 
deuteranopia has been reported uniocularly 
in the past. Case 3 holds a master’s degree 
in psychology, and she herself administered 
tests to all available relatives. Some of these 
were tested further by Graham and Hsia, 
who have not published all of the pertinent 
genetic facts about Case 3 and her family. 
Only one maternal uncle was found to be 
color-defective, by Case 3 herself, and 
judged to be deuteranomalous on the basis 
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of his pseudoisochromatic-chart performance 
(personal communication). 

With a color-normal brother and two 
color-normal parents, Case 3 can only be 
heterozygous, for whatever gene her mother 
may have—probably the same one her 
brother shows. I believe that the irregularity 
is due to heterozygosity and, moreover, that 
the defect need not have any part of its 
basis in the visual-cell population itself 
(Walls, American Journal of Optometry, 
1958). The one defect-gene involved is not 
necessarily a gene for deuteranopia. Even 
a gene for deuteranomaly can act so strongly 
in a heterozygote as to knock out completely 
one of the three chromatic sensory com- 
ponents, as the next case will show. 

The excessively rare form of total color 
blindness that is called “atypical” because 
the victim has normal or supernormal visual 
acuity (and no nystagmus or photophobia ) 
is theoretically most readily explained as the 
result of the simultaneous inheritance of 
tritanopia (an autosomal incomplete domi- 
nant) and either protanopia or deuteranopia 
(Pitt, 1944). When R. A. Weale surveyed 
the readership of the London Sunday Ex- 
press by means of two special articles placed 
therein, he learned of five atypical achro- 
mates and was able to make complete studies 
of three of them, a Mr. Jackson (whose 
visual acuity was 6/3!), a Mr. Barclay, and 
a Mrs. Grant (=J. G. in Weale, 1953). 

The familial facts given for Jackson and 
Barclay make it clear that each could be a 
tritanope-protanope or else a tritanope-deu- 
teranope. With Mrs. Grant (whose visual 
data also set her off in little ways) it was 
otherwise. She could not escape a prota- 
nomaly gene from her proved-protanomalous 
father. Her two daughters were untestably 
young, but her one son was deuteranom- 
alous. Mr. Grant, although color-blind in 
an undiagnosed way, could not have in- 
fluenced this son, whose gene must have 
come through Mrs. Grant from her color- 
normal mother. 

Mrs. Grant’s total color blindness there- 
fore resulted from the joint presence of one 
gene for protanomaly and one gene for 
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deuteranomaly. She is not known to have 
suffered any prenatal or parturitional trau- 
mas, although “apparently she was a dif- 
ficult baby during the first three months of 
her life” (Weale, personal communication). 
Unless it be claimed that each gene had a 
special action because the other gene was 
there, one has to say that this nonallelic 
compound heterozygote manifests a highly 
irregular protanomaly (the gene knocking 
out redness completely, as one protanopia 
gene has done in Case 2) and also a highly 
irregular deuteranomaly (the gene knocking 
out greenness completely, as a deuteranopia 
gene has presumably done in Case 1). Left 
with but one chromatic componential mech- 
anism, Mrs. Grant is, of course, totally 
color-blind. 

Evidence also happens to be available that 
the genes’ actions in Mrs. Grant have been 
upon pathways and not upon receptors. 
Weale concluded thus from his own findings, 
but stronger evidence amounting to proof 
came from the work of Fincham (1953) 
upon Weale’s three achromates. In experi- 
ments on the chromatic-aberration factor in 
the accommodation reflex, Fincham was able 
to tell that in protanopes and deuteranopes 
the receptor layer of the retina is abnormal, 
whereas in anomalous trichomates and in 
Mrs. Grant the basis of the color defect must 
lie above the retina. The force of this, as 
evidence that heterozygous actions produce 
only pathway defects, is weakened by the 
fact that Weale’s two male achromates per- 
formed just like Mrs. Grant in Fincham’s 
situation. Their retinas could lack blueness 
receptors under the influence of tritanopia 
genes and Fincham would not have known 
it, for in the normal retina the accommoda- 
tion reflex is triggered from a spot which 
contains no blueness receptors. But if 
either a protanopia gene or a deuteranopia 
gene is involved in either man and is leav- 
ing the redness and greenness receptors 
normal, its action must be irregular. Perhaps 
Jackson and Barclay really demonstrate that 
color-blindness genes can have purely path- 
way effects even in a male and are more 
likely to do so if the person is a compound. 
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It is possible that every case of atypical 
achromasy is more or less unique. We may 
be wrong in expecting every protanopia- 
tritanopia and deuteranopia-tritanopia com- 
pound to be an atypical achromate, and 
perhaps we should not be so surprised upon 
finding an atypical achromate who could not 
possibly be just a compound, but with one 
male in every 50 a protanope or a deuter- 
anope and one person (of either sex) in 
every 13,000-to-65,000 a tritanope (Wright, 
1952), at least one male in every 3,250,000— 
perhaps one in 650,000—“should” be an 
atypical achromate. Where are they all? 


Summary 


The discrepancy which must exist be- 
tween theoretical and accurately observed 
numbers of “red-green color-blind” females 
is attributable (in unknown moieties) to 
manifesting heterozygotes and to XO or 
XY females with gonadal dysgenesis or 
testicular feminization and to possible oc- 
casional misinterpreted mothers of XXY 
Klinefelter’s-syndrome sons. Kallmann’s 
theory of a common cause of color blindness 
and eunuchoidism is analyzed and rejected. 
The incidence of color blindnesses in human 
intersexes should be the same as in normal 
persons having the same numbers of X- 
chromosomes. 

A “deuteranopic” female, reported earlier 
as a manifesting heterozygote but later 
learned to be a chromatin-negative case of 
gonadal dysgenesis, is described, and the ir- 
regularity of her color defect is emphasized. 

Several contemporary manifesting hetero- 
zygotes for red-green color blindnesses are 
described. One has. a color-normal mono- 
zygotic twin sister; one has one color-normal 
eye; one is totally color-blind. It is pointed 
out that the conspicuousness of these cases 
led to their being studied carefully enough 
to reveal that their defects are irregular, i. e., 
not the same defects the same genes would 
produce in males. 

The hypothesis is offered that when one 
red-green defect-gene produces color de- 
ficiency in a female body, the defect may 
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always be irregular whether the sex- 
chromosomes present are XX, XO, or XY. 
It is suggested that an investigator who 
finds an irregular color defect in a female 
should look to see whether “she” may be an 
XX heterozygote or an XO or XY hemi- 
zygote, and it is urged that an investigator 
confronted with a color-blind heterozygote 
or a color-blind XY or XO female should 
look to see whether the color defect is ir- 
regular. 


School of Optometry, University of California, 
Berkeley (4). 
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Trachoma Infection in a Human Volunteer Produced 


by Egg-Cultured Virus 


H. BERNKOPF, M. NISHMI, B. MAYTHAR, and I. FEITELBERG, Jerusalem 


Successful cultivation of trachoma virus 
has recently been announced by T’ang et al.1 
Their claim has been confirmed by Collier 
and Sowa,? who reported the isolation of 
10 strains of trachoma virus from West 
Africa and the successful inoculation of 
a human volunteer. Strains of virus have 
since been isolated also by American work- 
ers in Saudi Arabia* The present com- 
munication reports the isolation of a strain 
of virus in the Middle East and the clinical 
picture produced in a blind volunteer. 

Scrapings of the tarsal conjunctiva from 
seven trachoma patients, suspended in broth 
saline containing 1,000ug. of streptomycin 
per milliliter were inoculated in the yolk 


sac of groups of five 6-day-old chick 
embryos. One egg inoculated with material 
from Patient 1 was found dead 10 days 
later. A suspension of the yolk sac, bac- 


teriologically sterile, was passed on in 
6-day-old embryonated eggs, producing 
regularly death of the embryo five to eight 
days after inoculation. Nine successful pas- 
sages have been carried out so far. In 
smears of the yolk sac, coccoid bodies of 
the size and staining characteristics of 
viruses of the psittacosis-lymphogranuloma 
group were regularly found. Cultivation 
of infected yolk sacs on a variety of 
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bacteriological media always gave a nega- 
tive result. 

Patient 1, from whom the virus strain 
was obtained, was a 5-month-old child of 
a Jewish-Morrocan family, resident two 
and one-half years in Israel. He suffered 
from Trachoma I. The parents showed 
cicatrized trachoma with pannus; four 
siblings, active trachoma with pannus. 

From yolk sacs of the fifth egg passage, 
particularly rich in viral elements on 
microscopic examination, a 20% suspension 
was prepared in broth saline and centrifuged 
for 10 minutes at 1,000 rpm. Titration of 
the supernatant indicated that it contained 
more than 10° egg infectious doses per 
milliliter. This fluid was used to inoculate 
a human volunteer, A suspension from 
normal yolk sacs similarly prepared served 
as control material. 

The 17-year-old blind volunteer showed 
healthy conjunctivae and clear corneae. 
Bacteriological examination of the conjunc- 
tivae of both eyes showed nonvirulent 
Staphylococcus pyogenes var, albus, scrap- 
ings from both eyes normal epithelial cells. 

The suspension of the infected yolk sac 
was lightly rubbed with a swab into the 
conjunctiva of upper and lower lids of the 
right eye. The left eye was treated similarly 
with normal yolk-sac suspension. The eyes 
were covered with separate shields. 

Two days later the right eye (inoculated) 
became severely inflamed with lid swelling 
and profuse discharge. This condition, in 
a less degree, has remained during the 34 
days of observation. Follicles started to 
appear on the fourth day and have since 
progressively increased. On the 16th day 
conjunctival swelling at the upper limbus 
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and on the 25th day definite pannus were 
present. The control eye remained normal 
throughout. Blood cell counts and sedimen- 
tation rates remained within normal limits. 

Epithelial scrapings were taken from the 
conjunctiva every second day and from the 
cornea on the 16th day after inoculation 
and examined for Halberstaedter-Prowazek 
bodies with Giemsa-May-Gruenwald stain. 
On the sixth day a few epithelial cells 
showed initial bodies; on the following day 
typical inclusion bodies containing viral 
elements in a carbohydrate matrix were 
found and have since become more abundant. 
They were also found in the corneal 
epithelium. Epithelial scrapings taken on 
the 16th day were inoculated into eggs, in 


which again virus growth was obtained. 
Histological examinations of follicles showed 
four to five layers of epithelial cells and 
diffuse infiltration with lymphocytes and 
plasma cells. 


Details of further clinical and laboratory 
studies will be reported later. 


Hadassah Medical Association, Box 499. 
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The Management of Infantile Glaucoma 


HAROLD G. SCHEIE, M.D., Philadelphia 


An invitation to give the Mark J. 
Schoenberg Memorial Lecture confers with 
it a great honor and at the same time a pro- 
found obligation. Dr. Schoenberg was a man 
of great foresight and imagination. He 
made numerous original contributions to 
ophthalmology but is best known for his 
work in glaucoma and the prevention of 
blindness. Because of Dr. Schoenberg’s 
great interest in these two phases of 
ophthalmology, I have chosen “The Man- 
agement of Infantile Glaucoma” as the topic 
for my lecture this evening. 

Material for this presentation has been 
derived from experiences with infantile 
glaucoma over a period of nearly 13 years. 
During that time, I have had the oppor- 
tunity of operating upon 176 eyes of 108 
children. These patients have been suffi- 
ciently well studied and followed long 
enough to permit certain analyses and con- 
clusions. No attempt will be made to review 
the literature completely, because this was 
done recently in the report?® of the Sym- 
posium on Infantile Glaucoma, 1954. 

I wish at the outset to acknowledge the 
work of the late Dr. Otto Barkan,*? whose 
adaptation of goniotomy for the treatment 
of infantile glaucoma has proved to be 
epoch-making. His successful results and our 
own very poor results, with the use of con- 
ventional surgical techniques, at the Hospital 
of the University of Pennsylvania prior to 
this time served as incentive for the efforts 
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that have resulted in the subject matter of 
my lecture tonight. I first employed 
goniotomy in 1946, and published the re- 
sults,® in a small number of eyes, in 1949. 
These were in agreement with those of 
Barkan. The present report includes all 
eyes accumulated to date upon which I have 
been able to do either the first operation or 
which were relatively unmutilated by pre- 
vious operative procedures when first seen 
by me. Eyes which had been operated on 
several times with distortion of normal 
anatomy which precluded the possibility of a 
good operative result were not included. 


Diagnosis 

Although infantile glaucoma is considered 
to be a rare disease, its gravity is indicated 
by the number of children still being ad- 
mitted to schools for the blind with loss of 
vision due to this cause. The estimates vary 
from 5% to 13%. New operative methods 
can reduce the figure tremendously, but, in 
order to do so, the diagnosis must be made 
and the treatment instituted before the eye 
has been badly damaged by the glaucomatous 
process. 

Infantile glaucoma can present difficulties 
in diagnosis fully as great as in primary 
glaucoma of the adult. When classical signs 
of the disease are present, the diagnosis is 
usually easy. These signs consist of 
photophobia, haziness of the cornea, corneal 
enlargement, ruptures in Descemet’s mem- 
brane, and a definitely elevated intraocular 
pressure. However, these signs may be 
absent, and the ciagnosis may be possible 
only after repeated examinations with 
measurements of ocular tension. The 
ophthalmologist’s clinical judgement can be 
tested to the utmost. 

The disease may be present at birth and 
the diagnosis obvious, or it may become ap- 
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Fig. 1—Age of rec- 
ognition of infantile glau- 
coma in 108 patients. 


No. of patients 


parent only after months or years and offer 
serious diagnostic problems. In Barkan’s ® 
series of patients, the disease was found at 
birth in 35%. Gros ® reported its presence 
in 60% at birth. In the remainder of his 
patients, the diagnosis was made in 13.3% 
by the end of the first year, 17.7% be- 
tween the first and third years, and 8.8% 
after 3 years of age. Anderson," in 
summarizing the papers by Seefelder, 
Detterming, Stolting, and Fleischer, quoted 
the following statistics : 

Present at or before birth in 102 (40%) 
Present at 6 months or under in 86 (34%) 
Present at 1 year or under in 30 (12%) 
Present at 6 years or under in 28 (11%) 
Present at over 6 years in 5 (2%) 
Unreliable or no information. 

In the present series of 108 patients, the 
diagnosis was made at birth in 35 (31%) 
and noted after birth in 73 (69%) (Fig. 
1). The initial symptoms in these two 
groups of patients are of considerable in- 
terest. In infants born with the disease, the 
diagnosis was usually suggested by clouding 
of the corneas and enlargement of the eyes 
(Table 1). In the 73 eyes where the disease 
became apparent at some time after birth, 
the initial symptom was noted in 56. In 23 
of these, photophobia was the first sign 
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noted, occurring before the cornea became 
enlarged or cloudy. The statement, there- 
fore, can be made that any child under 2 or 
3 years of age, and particularly during the 
first year, who has unexplained photophobia 
and tearing must be suspected of having in- 
fantile glaucoma. The importance of 
photophobia as a diagnostic sign is em- 
phasized by the need for early operative 
intervention before enlargement of the eye 
and resultant poorer visual outlook occurs. 

Photophobia, also, is an excellent criterion 
for operative success or failure, because it 
usually clears promptly with normalization 
of tension. When operation is unsuccessful, 
photophobia usually persists, even though 
at times the cornea may have cleared. 


TABLE 1.—IJnitial Sign in 108 Patients with 
Infantile Glaucoma 


Noted 
At After 
Sign Birth Birth Total 

Large eyes (4) s 7 15 
Cloudy cornea (12) 15 18 33 
Large eyes & cloudy corneas (1) 6 s 4 
Photophobia & tearing 4 23 27 
Uncertain 2 17 19 
Total 35 73 108 
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Fig. 2.—Range of corneal diameter in 176 eyes (108 patients) with infantile glaucoma. 


A large corneal diameter is an important 
diagnostic sign but is far from infallible. 
It is impossible to be arbitrary about the 
normal corneal size, but when the diameter 
is over 12 mm. the diagnosis of infantile 
glaucoma must be excluded. However, a 
corneal diameter of less than 12 mm. gives 
no positive assurance that the patient might 
not have the disease. In the present series, 
corneal diameters were 12 mm. or more in 
155 of the 176 eyes and under 12 mm, in 21 
eyes (Fig. 2). The corneal diameter should 
be measured at the time of each examina- 
tion, because an increasing corneal diameter 
is almost certain evidence of the disease. 
Measurements of corneal diameter are also 
of value in evaluating surgical therapy, since 


enlargement ceases after normalization of 
tension. 

Corneal haze is limited to the epithelium 
when it first appears, as Barkan * has shown 
(Fig. 3). He demonstrated that the cornea 
can be cleared to permit goniotomy through 
a contact lens, by gently curetting the 
edematous epithelium from the cornea. As 
the disease advances, the edema also involves 
the stroma, and the cornea may become 
practically opaque (Fig. 4). Still later 
fibrous scarring may occur, and the opacity 
becomes irreversible. Until scarring occurs, 
clearing of the cornea after normalization of 
tension is remarkable. Seemingly opaque 
corneas can clear with resultant normal 
vision. When the corneal haze is limited to 


Fig. 3.—Corneal haze 
limited to epithelium. 
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Fig. 4.—Corneal cloud- 
ing due to edema of the 
epithelium and stroma. 


the epithelium, the appearance of the cornea 
may vary markedly from day to day with 
the variations in tension. It should be noted 
that the level of ocular tension can vary 
considerably, as it does in other types of 
glaucoma. 

Another even more diagnostic sign of in- 
fantile glaucoma is ruptures in Descemet’s 
membrane. These occur with enlargement 
of the cornea and stretching of Descemet’s 
membrane under increased intraocular pres- 
sure. They occur relatively late in the 
evolution of the ocular signs and, in general, 
indicate a poorer visual result after 
normalization of tension than in eyes that 
have no ruptures. 

Glaucomatous excavation of the optic 
nerve is of little or no diagnostic value in 
infantile glaucoma unless the disease is very 
advanced. It occurs late in the course of 
the disease, probably because the optic nerve 
is protected by the elasticity of the fibrous 
coats of the eye, which permits enlargement 
of the eyeball rather than displacement of 
the lamina cribrosa. 

The most important confirmatory test for 
infantile glaucoma is the recording of in- 
traocular pressure, but, unfortunately, pit- 
falls exist. The tension should be recorded 
with the child under deep surgical anes- 
thesia. The eyes should be in the primary 
position and no longer deviated upward, a 
sign that is indicative of light anesthesia. If 
there is any question as to a free open air- 
way, endotracheal intubation should be 


carried out. The child should be breathing 
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freely and completely relaxed. The ocular 
tension may measure as high as 40 mm. 
Hg (Schiotz) in a normal eye if the child 
is struggling for air or his eye is rolling 
under light anesthesia. This, of course, can 
lead to the mistaken diagnosis of infantile 
glaucoma and occasionally has led to un- 
necessary surgical intervention. When no 
other objective sign of infantile glaucoma is 
present, one is undoubtedly well advised to 
defer surgery and to repeat the recording of 
tension in a few days. Likewise, finding 
normal pressure in an eye suspected of 
having infantile glaucoma should not lead to 
a false sense of security. The pressure may 
vary from day to day, and such factors as 
dehydration associated with preparing in- 
fants for anesthesia may lead to a lowered 
pressure. When in_ doubt, repeated 
recordings of intraocular pressure should be 
made, and even then the diagnosis may be 
difficult. Tonography has been unreliable in 
my Own experience. 

Theoretically, a large corneal diameter 
with large corneal curvature might lead to 
a false recording of ocular tension. In my 
experience, however, if the tension remains 
less than 3:5.5 weight (Schietz), regardless 
of corneal curvature, the disease does not 
progress. 

A lack of correlation between the ocular 
signs of infantile glaucoma and the level of 
intraocular pressure is often found in in- 
fantile glaucoma. Marked corneal enlarge- 
ment and corneal haze may be found with 
intraocular pressures of 35 to 40 mm. Hg 
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(Schietz). This is probably best explained 
by the inability of the infantile eye to with- 
stand even relatively small increases of in- 
traocular pressure. 


Differential Diagnosis 

The large cornea of infantile glaucoma 
must be differentiated from megalocornea, 
high myopia, Hurler’s disease, and con- 
genital idiopathic edema of the cornea. The 
differentiation from these diseases is usually 
easy and will not be reviewed in detail here. 
The findings in the myopic eye are obvious, 
but one must be on guard, however, because 
many eyes with infantile glaucoma are 
highly myopic. Megalocornea is present at 
birth. The eye is usually otherwise normal. 
It is usually familial and found predomi- 
nately in males. It is bilateral and sym- 
metrical. Visual function is good, and the 
patient usually has no symptoms. Hurler’s 
disease is differentiated by the associated 
systemic signs. Congenital idiopathic edema 
of the cornea is evidenced by what appears 
to be diffuse edema of the epithelium and 
stroma. It is possible that the condition may 
represent an incomplete form of Hurler’s 
disease. Photophobia is absent or minimal, 
and the corneal diameter is normal or top 
normal. Ruptures in Descemet’s membrane 
are not seen. The differentiation is usually 
made by the repeated readings of ocular ten- 
sion and the recording of corneal diameters. 


Gonioscopic Picture of 
Infantile Glaucoma 


Differences of opinion exist regarding 
the gonioscopic findings of infantile glau- 


coma. Barkan,” Frangois,4* Kluyskens,™ 
Weekers,’® and Schaeffer! felt that the 
picture is characteristic and that gonioscopy 
is of diagnostic value. Barkan has described 
a transparent membrane which overlies the 
trabecula and covers the trabecular area of 
the angle in children with infantile glaucoma. 
This usually has a shagreened appearance. 
Barkan believed that the iris usually has an 
anterior insertion into this membrane. From 
his drawings, the insertion is usually well 
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in front of the scleral spur. However, if 
this were true, the scleral spur and the 
canal of Schlemm should be obscured from 
view, which is rarely the case. In other 
eyes, he believed that veiling of the angle 
wall was present but that the iris had a 
normal insertion into the ciliary body and 
scleral spur. Barkan has noted blood in 
the canal of Schlemm in such eyes. 

In my opinion, the gonioscopic appearance 
of the angle of the anterior chamber in in- 
fantile glaucoma is of little diagnostic help. 
When I first started this work and before 
I had looked at many normal infant eyes, I 
felt that at times I could see abnormal tissue 
in the angle wall. However, I now feel that 
I can see no difference between the normal 
angle of the infant eye and the angle in 
infantile glaucoma unless the eyeball is en- 
larged or some other anomaly, such as 
aniridia, is present. The angle is open, and 
the iris inserts as it does in the normal in- 
fant’s eye. The scleral spur is almost in- 
variably easily visualized. Barkan has 
noted that the angle of the anterior 
chamber of the infant eye is not as fully 
differentiated as in the adult eye. This is 
most apparent in the apex of the angle be- 
hind the scleral spur. The recess at the 
apex is minimal, and the iris seems to run 
directly to the corneoscleral wall just behind 
the scleral spur. The author has been unable 
to observe a real difference in this appear- 
ance between the normal eye of the infant 
and the eye with infantile glaucoma. The 
normal position of the iris can be demon- 
strated in the eye with infantile glaucoma by 
filling the canal of Schlemm with blood. The 
blood then appears in its usual position an- 
terior to the scleral spur. At times, one has 
the impression that it is more faint than in 
normal infants, but it is difficult to be posi- 
tive. It often fills incompletely, but that also 
may be true in the normal eye. 

I have attempted to fill the canal of 
Schlemm with blood in 126 eyes with in- 
fantile glaucoma, usually after control of 
ocular tension by surgery (Table 2). The 
canal filled with blood in 116 of these eyes 
and failed to fill in only 10 eyes. In 25 
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Taste 2.—Incidence of Filling of Canal of 
Schlemm with Blood in 176 Eyes 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


Taste 3.—Ocular Anomalies in Patients with 
Infantile Glaucoma 


Fills with jugular compression. _- 


eyes it filled spontaneously, and in 91 eyes 
it filled with jugular compression. In a few 
eyes the canals were made to fill by doing a 
paracentesis of the anterior chamber at the 
time of initial surgery, but the usual practice 
was to cause the canal to fill by compressing 
the jugular veins at the first follow-up visit, 
about six to eight weeks after operation. 
In addition to proving that the angle is open, 
the consistency with which the canal of 
Schlemm filled indicates that the canal of 
Schlemm usually is present in infantile 
glaucoma. 

Anomalous vessels are more readily 
visualized in the eye with infantile glaucoma, 
but this is not surprising in an eye that 
first of all has other anomalies and is con- 
gested and irritable. In occasional eyes the 
stroma of the iris is defective. The most 
characteristic gonioscopic feature of in- 
fantile glaucoma is a palisade-like ap- 
pearance of the pigment at the periphery of 
the iris (Fig. 5). The pigment periphery 
gives the appearance of palisades, or 
triangular segmentation, with the base of the 
triangle at the periphery of the iris. This 
phenomenon probably results from a 
stretching of the iris diaphragm as the eye 
enlarges with changes in the iris pigment. 
It can also be seen in eyes with high 
myopia. 

Conditions commonly associated with in- 
fantile glaucoma, such as aniridia and 
posterior embryotoxon, have a very typical 
appearance and are easily diagnosed (Table 
3). In the present series of patients, the 
angles of the patients with nevus flammeus 
or Sturge-Weber syndrome look like any 
eye with infantile glaucoma. In my ex- 
perience, these eyes respond to treatment in 
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the same way as do eyes with ordinary in- 
fantile glaucoma. 


Pathogenesis of Glaucoma 


The microscopic anatomy of the eye with 
infantile glaucoma has remained obscure 
because of the small number of eyes 
available for study. The open angle found 
by gonioscopic examination, presence of the 
canal of Schlemm, and recent tonographic 
data '* suggest an obstruction to aqueous 
outflow in the trabecular area. This should 
occur on the basis of a congenital malde- 
velopment and, because of the lack of at 
least gross changes to be seen by gonioscopy, 
should be microscopic in nature. Another 
possibility rests in the corneoscleral wall 
peripheral to the canal of Schlemm. 

Maumenee '* has recently suggested, in 
his paper on “The Pathogenesis of Con- 
genital Glaucoma,” that obstruction to 
aqueous outflow occurs on the basis of an 
abnormal insertion of the longitudinal and 
circular bundles of the ciliary muscle into 
the trabecular fibers. This type of insertion 
tends to compress the scleral spur 
forward and externally, thereby narrowing 
Schlemm’s canal. Contraction of the 
longitudinal muscle fibers further narrows 
the canal, and contraction of the circular 
muscle does not open the trabecular spaces. 


Etiology 
Heredity and maternal virus infections 
during the first trimester of pregnancy are 
probably the two most important etiologic 
factors in infantile glaucoma, as with any 
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TABLE 4.—Etiological Factors in 108 Patients with 
Infantile Glaucoma 


TABLE 5.—Systemic Anomalies in Patients with 
Infantile Glaucoma 


Family History 
Infantile glaucoma (sibling) 4 
Primary glaucoma (adult)__...._..........-.-.... 7 
Abnormal Pregnancy 
Virus infection: 
3 


congenital anomaly (Table 4). The heredi- 
tary tendency is recessive. In the present 
series of 108 patients, a definite family his- 
tory of glaucoma could be obtained in 11 pa- 
tients (Table 4). Four of the patients had a 
sibling with the disease. Two of these were 
identical twins. The mother of one and the 
father of another child had _ primary 
glaucoma. One child had grandparents 
suffering from glaucoma, and another has 
a great uncle with the disease. One patient 
had parents blind of an unknown cause. 
Maternal abnormalities during the 
pregnancy are undoubtedly of importance. 
The mothers of seven infants in this series 
had suffered from maternal virus infections 
early in pregnancy (Table 4). The mother 
of another patient, not included in this 
series because she was operated on else- 
where, had been vaccinated for smallpox 
during the second month of pregnancy. 
Three mothers had toxemia of pregnancy, 
five gave a history of vaginal bleeding, two 
had a positive serology, and three had 
miscellaneous disturbances, among which 
were pyelitis, intestinal bleeding, and 
fainting spells. The ocular anomalies often 
are only part of a general insult to the 
embryo or fetus as indicated by the frequent 
association of abnormalities elswhere in the 
body (Table 5). Cardiac and neurological 
anomalies were most frequently found. 
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No. Patients 

6 
Mental ll 
Neurological defects... 4 
2 
1 
Undescended 1 
Multiple developmental defects __...........-...- 1 
Slow in physical achievements... i 


Prognosis 

The prognosis for infantile glaucoma has 
been greatly improved since Barkan adopted 
goniotomy for its treatment. Convincing 
evidence has accumulated to show that use- 
ful and even normal vision can be preserved 
if the child can be operated on sufficiently 
early in the course of his disease, before 
visual function is impaired. This is in con- 
trast to the statement by Anderson that 
regardless of therapy there was little likeli- 
hood of maintaining sufficient vision into 
adult life to permit earning a livelihood. 
Kluyskens * pointed out that even though 
control of tension can be achieved in 60% 
of eyes, good function is achieved in only 
23%. 

When the pressure is not controlled, the 
eyeball continues to increase in size and 
corneal haze increases. Later, the cornea 
tends to clear somewhat as the children be- 
come older, and there is a tendency to 
stabilization in the teen-age years (Fig. 6). 
Deterioration of the globe, however, is 
progressive with marked optic atrophy. The 
fibrous coats of the eye become thinner, 
particularly at the periphery of the cornea, 
until final rupture of the globe occurs with 
even minor trauma. Other complications 
may occur spontaneously or on the basis of 
minor trauma. These include anterior cham- 
ber hemorrhage, retinal detachment, and dis- 
location of the lens. 
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At times, spontaneous cure of the disease 
may occur. These children may show later 
in life all of the signs of healed infantile 
glaucoma, including enlargement of the cor- 
nea, ruptures in Descemet’s membrane, and 
an optic nerve that may vary from normal 
to excavated with atrophy, and yet have a 
repeatedly normal pressure with no further 
progression of the disease. Barkan ob- 
served this phenomena, and Anderson col- 
lected several such patients. During the 
12% years of my experience with infantile 
glaucoma, I have seen this in six patients. 
Recovery was unilateral in three and bilat- 
eral in three patients. 


Treatment 


The treatment of infantile glaucoma is 
primarily surgical. Justification no longer 
exists for even a trial of medical therapy, 
unless for investigative purposes as newer 
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Fig. 6.—Eyes showing 
enlargement with ad- 
vanced infantile glaucoma 
and residual scaring. B, 
profile of right eye. 


therapeutic methods are evolved. Further- 
more, I believe that the period of time 
required for a trial of medical therapy only 
deprives the patient of the better visual 
result which might be anticipated from 
early surgery. My own experience with 
medical treatment was obtained with ap- 
proximately 20 patients early in this series. 
The tension was not reduced sufficiently 
to justify continuing medical therapy in any 
of these eyes. 

Goniotomy, goniopuncture, or a combi- 
nation of the two is the operation of choice. 
Results from other operations historically 
have been very ineffective. Even after re- 
peated operations, the end-result is usually 
failure because of vitreous loss, intraocular 
hemorrhage, subluxation of the lens, and 
corneal edema with permanent corneal opac- 
ity (Fig. 7). This statement has been sup- 
ported by numerous authors, among whom 
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Fig. 7—Blind eyes 
after repeated conven- 
tional filtering operations. 


were Zentmayer,’* Sugar,” Lister,2® Ander- 
son," and Kluyskens.™ 


Recently cyclodiathermy has been urged 
as an operative procedure in the treatment 
of infantile glaucoma. Good results have 
been reported by Kluyskens,’* Weekers and 
Weekers,’® and Bailliart.24 The experience 
of the participants in the symposium ® on 
infantile glaucoma did not confirm those 
observations. 


Goniotomy was described by de Vin- 
centiis,* in 1893. It was originally intro- 


duced for use in all types of glaucoma. It 
was thought to be effective through debride- 
ment of the iris angle. Several articles ap- 
peared in the literature during the next 
decade, but the operation fell into disuse 
until Barkan took up its use for infantile 
glaucoma. He reported his first results in 
1942,° and found that goniotomy controlled 
the tension in a significant number of eyes. 
In 1949, I reported * comparabie results in 
a series of 16 eyes with infantile glaucoma, 
all operated on by goniotomy. Several 
papers since that time have corroborated 
its effectiveness, including those by Calla- 
han,?* McArevey,* McKinney,?° Robert- 
Wilson? Hertzberg,2* Algan,?® 
Bietti,® Lister,2° and Paufique.*! 

Barkan was convinced that goniotomy ex- 
erted its effect by incision of elements 
responsible for the anterior insertion of 
the iris in the trabecular area with establish- 
ment of normal outflow of aqueous into the 
canal of Schlemm. Some such explanation 
is particularly reasonable in infantile glau- 
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coma, where the canal of Schlemm can be 
demonstrated to be present in a very high 
percentage of eyes. However, in my experi- 
ence the plane of the iris has a normal 
relationship to other structures of the angle, 
and any abnormality of insertion must be 
attributed to possible abnormal extension of 
uveal tissue overlying the trabecula or pos- 
sibly, as Maumenee’*® has recently sug- 
gested, due to an abnormal insertion or 
extension of the longitudinal muscle. If 
either mechanism is assumed to be correct, 
goniotomy could be effective by incising or 
removing this tissue. However, goniotomy 
could not possibly be effective in eyes where 
the canal of Schlemm might be congenitally 
absent or in eyes with advanced disease and 
marked enlargement of the globe where the 
canal can become obliterated, as pointed 
out by Anderson.” 

Goniopuncture (1955) might in such eyes 
have a better chance of being effective than 
goniotomy because it is a fistulizing pro- 
cedure. This operation was first developed 
after accidental perforation of the corneo- 
scleral wall, while doing a goniotomy in 
a 19-year-old girl with advanced juvenile 
glaucoma. A cleft in the trabecular area 
was seen by gonioscopy, and edema of the 
overlying conjunctiva was observed by slit- 
lamp microscopy. After observing this eye, 
a technique was developed by which a goni- 
otomy, or a specially devised goniopuncture, 
knife was carried across the anterior cham- 
ber and a counterpuncture was made 
through the trabecular region of the oppo- 
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site angle, causing a fistula into the sub- 
conjunctival space. The operation was 
found to be ineffective in patients over 30 
years of age, but in patients under 30 years 
and including those with infantile glaucoma, 
control of tension could be accomplished 
in a significant number of eyes. The effec- 
tiveness of goniotomy and goniopuncture 
in infantile glaucoma, when compared by 
doing one procedure on one eye and the 
other on the fellow eye, was comparable. 
Either procedure could be effective as a 
primary procedure in about 50% of pa- 
tients, although goniotomy seemed to be the 
more effective. Other reports of its suc- 
cessful use include those of Robertson,®? 
Moore,** Weisser,** Robertson,*® and Tyner 
and Swets.** 

The fact that goniopuncture could give 
results at least comparable to goniotomy 
suggested that goniotomy also might exert 
its effect by creating fistulae in the angle 
wall. The corneoscleral wall of eyes with 
infantile glaucoma is extremely thin, and 
it might be argued that perforation could 
easily result from the passage of a goniot- 
omy knife around the circumference of the 
angle, but definite proof has not been ob- 
tained to this time. Because the two pro- 
cedures theoretically do have a different 
mechanism, I began to combine them into 
a single operation. A goniotomy is done, 
and at the end of the sweep of the goniot- 
omy knife, a puncture is made through the 
corneoscleral wall. This offers the advan- 
tage of each procedure and seems to give 
better results than either operation done 
alone. 


Technique 


Goniotomy.—Goniotomy is done with the 
infant under surgical anesthesia. A specu- 
lum is inserted, and the eye is grasped in 
the horizontal meridian at the nasal limbus 
by a fixation forceps. A preliminary oblique 
knife-needle puncture, as described by 
Chandler,** is made in the upper temporal 
quadrant to permit prompt restoration of 
the anterior chamber. Saline solution is 


injected through this opening after com- 
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pletion of the operation to aid in restoring 
the anterior chamber. This is desirable to 
help prevent the formation of an anterior 
peripheral synechia along the goniotomy 
incision. Saline is preferable to air because 
it does not produce a pupillary block, which 
would close the fistula. A goniotomy knife 
is inserted through the cornea approxi- 
mately 2 mm. within the temporal limbus 
in the horizontal meridian and carried 
across the anterior chamber into the oppo- 
site angle. I do not use a gonioscopic lens 
for the procedure because it is cumbersome, 
makes the operation more difficult, and does 
not seem to alter the results. A direct view 
of the angle is not essential, if one has a 
thorough knowledge of gonioscopy and the 
gonioscopic anatomy of the angle. A cor- 
rect position of the knife in the angle is 
insured if the knife is carried across the 
anterior chamber in such a way that the tip 
is directed at the junction of clear cornea 
and sclera, as if making a counterpuncture 
for a cataract section that would be too 
deep. When the knife is inserted in this 
manner, the tip is invisible as the eye is 
viewed anteriorly. With the tip in the blind 
portion of the angle and not engaged with 
iris, it follows that the incision must be 
made in the trabecular area, since the tra- 
becula extends from Schwalbe’s line to the 
scleral spur. Sweeping the knife along the 
angle is not difficult, for the knife is guided 
somewhat by the inner scleral sulcus. In 
the right eye, the knife is inserted in the 
9 o'clock meridian and the sweeping incision 
started in the angle at the 5 o’clock position. 
It is extended upward as nearly as possible 
to the 1 o'clock meridian. The knife is 
then withdrawn, keeping the blade away 
from the pupillary space and over the iris, 
which helps to prevent injury of the lens. 
Upon completion of the incision some bleed- 
ing usually occurs, but care is taken to 
prevent clot formation in the anterior cham- 
ber by gentle continuous irrigation with 
saline until all bleeding stops. A blunt No. 
27 gauge needle or a lacrimal cannula at- 
tached to a 2 cc. syringe is inserted into the 
opening made by the goniotomy knife but 
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not into the anterior chamber. Fluid is 
directed into the chamber, which promptly 
regurgitates, removing the blood. Bleeding 
usually stops within a minute or two, and, 
for some reason, secondary bleeding rarely 
occurs. Pilocarpine is instilled to help re- 
tract the iris away from the angle, and the 
anterior chamber is filled with saline. Both 
eyes are patched. 

Goniopuncture—The operation is done 
under general anesthesia. A speculum is 
inserted. In adults an oblique puncture is 
made through the upper temporal part of 
the cornea for refilling of the anterior 
chamber. This is not done in infants be- 
cause the corneoscleral wall is so thin that 
saline or air is not retained. Instead they 
flow beneath the conjunctiva and Tenon’s 
capsule where they exert pressure on the 
globe and tend to prevent reformation of 
the anterior chamber. The conjunctiva over- 
lying the area where the puncture is to 
be made is~ballooned outward away from 
the globe by the subconjunctival injection 
of saline solution to help prevent perfora- 
tion of the conjunctiva by the knife. A 
goniopuncture or goniotomy knife is intro- 
duced through clear cornea 1 to 1.5 mm. 
within the limbus at approximately 9:30 
o'clock in the right eye or at 2:30 o'clock 
in the left eye and directed nasally toward 
the 6 o'clock meridian. The blade is intro- 
duced flat, on a plane parallel with the iris, 
and the tip is carried across the chamber 
until it reaches the trabecular region of the 
opposite angle. It is then thrust forward 
through the corneoscleral wall until the 
blade of the knife is visible beneath the 
previously ballooned conjunctiva. It is then 
pulled back into the anterior chamber and 
withdrawn from the eye. 

A Barkan goniotomy knife is better for 
goniopuncture in infants than the specially 
designed goniopuncture knife which is used 
for adults. The goniotomy knife makes a 
smaller opening in the corneoscleral wall, 
which is desirable in glaucomatous infant 
eyes because of the very thin corneoscleral 
wall. Furthermore, to insure a small punc- 
ture opening, the knife should not be rotated 
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in the subconjunctival space, as is advised 
in adults for the purpose of a larger fistula. 
The puncture through the trabecula should 
be only a puncture, and temptation to en- 
large it as the knife traverses the corneo- 
scleral wall must be resisted. A larger 
opening leads to incarceration of the iris, 
with plugging of the fistula. Occasionally, 
bleeding occurs at the time of the puncture 
but usually causes no difficulty if the blood 
is washed from the anterior chamber as it 
appears. This is easily accomplished by 
inserting the tip of a blunted No. 27 gauge 
needle into the opening at the site of en- 
trance of the goniopuncture knife into the 
anterior chamber. Pilocarpine is instilled to 
retract the iris away from the site of the 
puncture. Both eyes are covered for 24 
hours. 

Combined Goniotomy-Goniopuncture.— 
Detailed description of the technique is 
unnecessary, because the operation is accom- 
plished simply by doing a goniopuncture 
upon completion of the sweeping incision 
of a goniotomy. 

Postoperative Management.—Postopera- 
tive care after goniotomy and goniopunc- 
ture, alone or combined, is relatively simple. 
The anterior chamber has usually re-formed 
the morning after surgery, and no further 
dressings are needed. Local steroids com- 
bined with antibiotics are instilled four 
times daily for a few days. Atropine is 
used only if the eye shows marked reaction, 
but it is rarely indicated. The two most 
worrisome postoperative complications are 
hyphemia and infection. Although some 
hemorrhage into the anterior chamber is the 
rule at the time of operation, recurrent 
hyphemia is rare. In a total of 247 opera- 
tions for infantile glaucoma, massive hyphe- 
mia with bloodstaining of the cornea 
occurred in only three eyes. This is sur- 
prising, in view of the frequency of recur- 
rent hemorrhage following traumatic 
hyphemia. Only one postoperative infection 
resulted. This consisted of a corneal ab- 
scess due to pyocyaneus (Pseudomonas 
aeruginosa) at the site of entrance of a 
goniotomy knife. A severe corneal opacity 
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resulted, but the tension was normalized. 
The patient is usually discharged from the 
hospital on the third to the fifth postopera- 
tive day. 

Follow-Up.—The patient is readmitted to 
the hospital in six to eight weeks for re- 
examination under general anesthesia. If 
reoperation is necessary, it is done at that 
time. Reexamination before this time can 
be misleading, because the tension can re- 
main elevated for three weeks or longer 
and become normal later. If the tension is 
normal and the cornea clear at the first 
postoperative check up, reexamination under 
anesthesia is usually done at three and six 
months and then at yearly intervals for two 
or three years. When the tension is con- 
trolled, clouding of the cornea, photophobia, 
and tearing usually subside within the first 
three or four weeks after operation. When 
the eyes have done well for three months, 
recurrence is rare. The corneal diameter 
is measured at each follow-up visit under 
anesthesia and the optic nerve carefully 
observed. When the child has become older, 
any change in the appearance of the amount 


of cupping of the optic nerve is an indica- 
tion for reexamination under anesthesia. 
The recording of ocular tension can often 
be done in the ophthalmologist’s office, be- 


ginning at the age of 4 years. General 
anesthesia, after one year of age, presents 
formidable psychological problems. To al- 
lay fear, the child should be heavily sedated 
or preferably also given rectal thiopental 
(Pentothal) before being taken to the oper- 
ating room. If not carefully managed, 
severe psychological trauma can result. Co- 
operation in follow-up examinations of 
these children is usually excellent because 
of the great concern of the parents. 
Results.—The series of 176 eyes reported 
in this paper is the third large series re- 
ported in the literature operated upon by 
angle surgery. Barkan,** in 1953, reported 
his results in 196 eyes (121 patients), all 
operated on by goniotomy. The tension had 
been controlled in 80% of 188 eyes where 
follow-up was complete. Haas,* at the sym- 
posium on congenital glaucoma, analyzed 


76/48 


the results in 329 eyes (202 patients), but 
this group included 210 eyes operated on 
by Barkan, as well as eyes operated on by 
Schaeffer, and by Haas himself. The re- 
sults in the three series are more or less 
comparable. Goniotomy was done on 253 
of the eyes reported by Haas, with control 
of pressure in 77%. Of 329 eyes reported 
by Haas, 17 eyes had been operated on by 
goniopuncture, 22 eyes by combined goniot- 
omy and goniopuncture, and 30 eyes by 
miscellaneous procedures. The ocular ten- 
sion had been controlled in 10 of the 17 
eyes operated on by goniopuncture. Gonio- 
puncture and goniotomy were done as a 
combined procedure in 22 eyes, with control 
of pressure in 15 eyes. 

In the present series of 176 eyes, ade- 
quate follow-up information was available 
in 169 eyes. All patients have been followed 
for longer than three months and the vast 
majority for many months and as long as 
12% years. Information on some of the 
patients has been obtained through the re- 
ferring ophthalmologist. The tension was 
controlled by angle surgery, including re- 
operations, in 145 eyes (85.8%) (Table 6). 
Adequate follow-up data was not obtained 
in five eyes. On two more eyes of a patient 
with Sturge-Weber disease, low-voltage ir- 
radiation was given over the ciliary body 
too soon after the operative procedures to 
permit a decision as to which was curative. 
In all probability, the goniotomies were the 
effective measures. 

It seemed of considerable interest to 
compare the effectiveness of goniotomy and 
goniopuncture as a primary procedure 
(Table 7). Goniotomy was, therefore, done 
on 21 eyes as a primary procedure and 


TABLE 6.—Over-All Results from Goniopuncture 
and Goniotomy Alone or Combined in 176 Eyes 
(108 Patients) with Infantile Glaucoma 
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Inadequate follow-up-..........-- 5 
Percentage successful............. 858 
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TaBLeE 7.—Results from First Goniopuncture or 
Goniotomy Alone or Combined in 
Infantile Glaucoma 


TABLE 8.—Results from Reoperations with Use of 
Goniopuncture and Goniotomy Alone or 
Combined in Infantile Glaucoma 


Over-all % successful 


successfully controlled the pressure in 13 
eyes (62%). Goniopuncture was done as 
a primary procedure in 44 eyes with control 
of pressure resulting in 21 (48%). When 
both eyes were affected goniotomy was done 
on the better eye, since it was the more 
conventional procedure. The relatively small 
number of patients in these two series lend 
little significance to the actual percentage. 
However, it can be stated with certainty 
that both goniotomy and goniopuncture 
could control the ocular tension in infantile 
glaucoma when done as separate procedures. 

Goniotomy and goniopuncture combined 
into one operation seemed to give better 
results than when either procedure was done 
alone. This operation was done as a pri- 
mary procedure on 104 eyes. The ocular 
tension was controlled in 86 eyes (82%), 
and the number of reoperations were fewer. 
This suggests an additive effect and a sepa- 
rate conclusion for goniotomy and gonio- 
puncture. If each exerted its effect by 
causing a fistula, it is doubtful that their 
combination would be more effective than 
either alone. 


Goniotomy and goniopuncture alone or 
combined are less effective after the first 
operation has failed, and after three or four 
operations the chance of success rapidly 
diminishes (Table 8). In this series of 
patients, these procedures were effective in 
only 33% when done as a second operation, 
47% as a third operation, and 14% as a 
fourth operation. With this evidence, one 
should probably employ some other opera- 
tive technique, if angle surgery fails on 
three or four occasions. Unfortunately no 
other operation has much to offer (Fig. 8). 

Factors responsible for success or failure 
were evaluated. Somewhat surprisingly, 
there seemed to be no correlation between 
corneal diameter and control of tension, 
because angle surgery seemed almost as 
effective in eyes with large corneal di- 
ameters as those with small diameters 
(Table 9). There was, however, a definite 
correlation between corneal diameter and 
visual acuity (Table 10). Visual results 
were found to be good if the corneal diam- 
eter is not over 13 mm. and much poorer 


Fig. 8.—Bilateral failure 
from repeated goni- 
otomy-goniopuncture fol- 
lowed by other types of 
procedures. 


7 

: Success Failure Successful Operation Success Failure Successful a Me: 
13 8 62 12 2 30 

21 23 48 8 9 47 

Combined..........- 86 18 82 1 6 14 
7 Fifth... .......-.---.- 0 4 0 

0 2 0 
Seventh.............. 0 2 0 

= 

_ 

4 
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TaBLe 9.—Correlation of Corneal Diameter with 
Control of Intraocular Pressure b 
and Goniopuncture Alone or 


Goniotomy 
ombined 


Corneal 
Diameter, Mm. 


17.0 
16.0 
15.0 
45 
14.0 
13.5 
13.0 
12.5 
12.0 
11.5 
11.0 
10.0 


Total 


* Figures in parentheses are percentages. 


if more than 13 mm. The vision could be 
determined in 29 eyes with a corneal di- 
ameter of 13 mm. or less. All except 4 
had a visual acuity of 6/22 or better, and 
14 of them had a visual acuity of 6/9 or 
better. In 24 eyes where the corneal diam- 
eter was 13.5 mm. or more, 15 eyes had a 
visual acuity of 6/30 or less. The reasons 
for the poorer visual results were perma- 
nent corneal opacities, ruptures in Desce- 
met’s membrane, amblyopia, high myopia, 
or damage to the optic nerve. The poorest 
prognosis seemed to be in those infants 
' born with large eyes and cloudy corneas, 
where extensive damage to the eyes and 
corneas had occurred by birth. These find- 


ings emphasize the need for early surgical 
intervention before ocular damage results. 

Correlation of visual result with the age 
of onset was examined, but none was found 
(Table 11). Neither was any correlation 
between age of onset and the control of 
ocular tension demonstrated. Haas had 
found that the results were considerably 
better during the first two months of life, 
but our series of patients does not bear this 
out. 

The most annoying operative complica- 
tion was hemorrhage. This is managed by 
gentle continuous irrigation to remove the 
blood before it clots. Recurrent hemorrhage 
postoperatively is extremely rare. Only 
three patients in this series had such mas- 
sive hemorrhages as to result in bloodstain- 
ing in the cornea. A traumatic cataract was 
encountered in one patient. One patient 
developed a pyocyaneous abscess of the cor- 
nea at the site of entrance of the gonio- 
puncture knife. The tension was controlled, 
but permanent corneal opacity remained 
(Fig. 9). Another patient developed an odd 
type of atrophy of the iris with absorption 
of pigment along the area of the goniotomy 
(Fig. 10). Whether this was a denervation 
effect or was caused by interference of 
blood supply of the iris could not be deter- 
mined. Only four patients in this entire 
series, where goniotomy and goniopuncture 


TaBie 10.—Correlation of Visual Result with Corneal Diameter in Infantile Glaucoma 


Corneal 
+ 


Visual Acuity 


Mm. 6/5 6/6 6/15 
17.0 
16.0 
15.0 
14.5 
14.0 
13.5 
13.0 
12.5 
12.0 
11.0 
10.0 


Total 


6/18 6/22 6/30 6/60 6/100 CF LP 


Over-all total 53 eyes 
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TABLE 11.—Correlation of Visual Result with Age of Onset in Infantile Glaucoma 


Age of 


Visual Acuity 


Onset,Mo. 6/5 6/6 6/12 


Birth 1 2 2 


6/15 


6/18 6/22 


1 
2 


1 


Over-all total 48 Eyes 


alone or combined could be used from the 
start, became blind in both eyes. 


Comment 


The prognosis for infantile glaucoma has 
improved greatly as a result of Barkan’s 
work in adapting goniotomy for its treat- 
ment. With early operation, blindness from 
this disease is preventable to a large extent. 
Early recognition, however, is essential to 
early treatment. Although the tension can 
be controlled regardless of the corneal di- 
ameter, the further the disease progresses 
and the more classical the signs the poorer 
the visual outlook. 


Fig. 9.—Postoperative photograph showin 
of the cornea. Left eye successfully operated. 


B, 


Diagnosis is particularly difficult in the 
approximately two-thirds of patients born 
with normal eyes but who develop signs of 
the disease after birth. The first sign to 
suggest the diagnosis in this group of pa- 
tients usually is photophobia. Any child 
under two or three years of age, especially 
during the first year, who has unexplained 
photophobia and tearing should be suspected 
of having infantile glaucoma and the ocular 
tension recorded under deep anesthesia. 
Tonometry in this disease offers the same 
difficulties as in adult glaucoma. Early 
diagnosis is extremely important in this 
group of patients to permit early surgery 


corneal scarring from pyocyaneous infection 
close-up of right eye. 
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Fig. 10.—Postoperative photograph showing suc- 


cessful control of tension 02, complicated by 
depigmentation of iris stroma O. S. B, close-up of 
left eye. 


before marked enlargement of the eye oc- 
curs, which frequently is accompanied by 
a poor visual result in spite of normaliza- 
tion of tension. Gonioscopy is of little 
diagnostic help. I believe that I can find 
nothing characteristic in the angle of the 
anterior chamber of the eye with infantile 
glaucoma upon gonioscopic study. The angle 
is open, and the iris inserts normally as 
it does in the infant’s eye. The scleral spur 
is almost invariably easily visualized, and 
the canal of Schlemm fills with blood in a 
normal position. Attempt was made in 126 
eyes to fill the canal of Schlemm with blood 
by jugular compression or by aspiration of 
the anterior chamber. Only 10 failed to fill. 
The diagnosis must be confirmed by tonom- 
etry. This offers even greater difficulties 
than the study of adult glaucoma because 
of sources of error such as anesthesia which 
is too light. When question exists, readings 
must be taken on other occasions. 

The two most important etiologic factors 
in infantile glaucoma seem to be heredity 
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and maternal virus infections. A family 
history of glaucoma was obtained in 11 
patients, and what was thought to be a 
maternal virus infection early in pregnancy 
was noted in 7 instances. Congenital anom- 
alies elsewhere in the body, among which 
cardiac and neurological were commonest, 
indicated generalized damage to the fetus. 
An unusual type of renal involvement, 
which should be investigated further, was 
found in a small number of children. The 
entire matter of etiology and the reasons 
for ocular involvement should be studied 
more extensively. 


The treatment is primarily surgical. Ex- 
perience with this series of patients indi- 
cated that surgery should be carried out 
as promptly as possible after making the 
diagnosis. The operations of choice are 
goniotomy or goniopuncture alone or com- 
bined. Either goniotomy or goniopuncture 
can control the ocular tension when done as 
a single operative procedure. However, the 
results in this series seem better when the 
operations were combined into a single op- 
eration, in which a goniopuncture is done 
upon completion of the goniotomy incision. 
Goniotomy, when done as a primary proce- 
dure on 21 eyes, controlled the ocular tension 
in 62% of eyes. Goniopuncture done on 44 
eyes controlled the tension in 48%, and the 
combined operation done on 104 eyes con- 
trolled the tension in 82%. Over-all results 
for the entire series of 176 eyes indicated 
successful control of pressure in 85.8%, 
including reoperations. With this high per- 
centage of success blindness was unusual, 
since usually one eye can be salvaged. In 
the present series of 108 patients only 4 
were sightless. 

Evaluation of the success or failure of 
the operation must be based upon the con- 
trol of tension, as pointed out .by Haas,* 
since it is impossible to measure preopera- 
tive vision and postoperative vision can be 
obtained only years later. Furthermore, a 
poor visual result is frequently due to an 
advanced stage of the disease previous to 
surgery. 
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The results from surgery seem to be 
permanent. Eyes that have been followed 
for as long as 12 years are maintaining a 
normal pressure and retaining vision (Fig. 
11). The visual results are excellent if the 
patient is operated on prior to corneal 
enlargement and marked ocular damage. 
The conclusion is made, therefore, that 
early diagnosis followed by prompt angle 
surgery is essential. Further investigations 
regarding the relative merit of goniotomy, 
goniopuncture, and the combined operation 
should be done. 


Summary 
Early diagnosis and early operation are 
essential in the management of infantile 
glaucoma. 
Photophobia is an important early sign 
of infantile glaucoma. 


Scheie 


Fig, 11.—Clear corneas 
in eyes with good visual 
results. A and B, identical 
twins 12 years after 
surgery. 


The etiology remains somewhat obscure 
and should be investigated further. 

Goniotomy, goniopuncture, or a combina- 
tion of the two are the operations of choice. 

In the present series of patients combined 
goniotomy and goniopuncture seemed to 
give the best results. 


313 S. 17th St. (3). 
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The Spectral Sensitivity of Color-Defective Subjects 
Determined by Electroretinography 


RICHARD M. COPENHAVER, M.D., and RALPH D. GUNKEL, O.D., Bethesda, Md. 


Congenital color defectives, who comprise 
8% of the male population, have been 
studied until recently entirely by psycho- 
physical methods. The object of this paper 
is to describe the results obtained in the 
study of color-defective subjects by the 
method of electroretinography and to com- 
pare these results to those obtained by other 
techniques. These subjects have more than 
just an interesting novelty but rather an 
important congenital anomaly, since the 
severely defective are handicapped in a 
variety of occupations? as well as in the 
appreciation of their environment. 

According to the trichromatic theory of 
vision there are three color processes.* 
Protanopes and deuteranopes are both re- 
ferred to as dichromats, since they require 
only two color primaries to match all other 
spectral colors. The protanope is considered 
partially red-blind, since to him the red 
end of the spectrum appears darkened. Ac- 
cording to most investigators, the deutera- 
nope does not show a loss of luminosity in 
the green and, consequently, his color defect 
is generally explained as some kind of 
fusion of the red and green processes.*” 
Protanomalous and deuteranomalous sub- 
jects who are considered as anomalous 
trichromats make up 1% and 5%, respec- 
tively, of the male population, while the 
less common dichromats comprise only 25% 
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of all color defectives.? No attempt will be 
made here to discuss the complex and varied 
modifications of numerous color theories. 

Since 1952, several electroretinographic 
studies have been done suggesting a red 
mechanism between 620 and 630 myz.*® 
These investigations usually involved colored 
adaptation lights or sudden changes in the 
wavelength of test stimuli designed to 
“bleach” specific color mechanisms. The 
only studies involving color-defectives as 
subjects showed the loss of a red “hump” at 
630 mp in protanopes,*° which was present 
in deuteranopes and normals. However, 
maximum sensitivities at 500 mp ® suggested 
the intrusion of scotopic function, and hence 
the finding of no difference in spectral 
sensitivity between deuteranopes and nor- 
mals was not surprising. It is obvious then 
that a method is necessary, in the study of 
color processes, which removes the complica- 
tion of rhodopsin sensitivity as much as pos- 
sible. Although light adaptation favors the 
recording of photopic activity, even moder- 
ate levels of brightness, as for example 20 
foot-lamberts,® still allow the intrusion of 
scotopic processes. Flickering stimuli at a 
rate faster than 20 per second supply a solu- 
tion to this 

Dodt introduced the technique used at 
the National Institutes of Health in a study 
of two protanopes and two protanomalous 
subjects, all of whom showed a shift in 
maximum spectral sensitivity from 558 mp 
to 531 mp» among wavelengths available.'* 
The protanopes showed a maximum loss of 
red sensitivity, while protanomals showed a 
red sensitivity loss intermediate between 
that of the dichromats and normals. The 
difference in spectral sensitivity when cor- 
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rected for equal quantum intensity cor- 
responded favorably to the absorption 
spectrum of red-sensitive pigment with a 
maximum at 590 my, which Rushton has 
found to be absent in protanopes.’° In 
normal subjects a large stimulus area 
(60 degrees) was found to give an increased 
blue sensitivity as compared to small stimulus 
areas (1 degree). This blue discrepancy 
was also found in a study of congenital 
night-blind observers with larger stimulus 
areas, thus showing a photopic blue 
sensitivity which suggests a blue-sensitive 
photopigment with maximum absorption at 
about 460 mp. 

Because the red color mechanism is lost 
in protanopes, it was thought the remaining 
color processes might be further clarified 
by a study of spectral-sensitivity curves 
in these subjects with small and large 
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Fig. 1—A subject is shown in position to be tested. Just in front of the patient’s eye is 
the convex lens for increasing the area of retinal stimulation. The circular wheel contains the 


stimulus areas. Four deuteranopes and two 
deuteranomalous patients were also ex- 
amined. 


Method 

To obtain subjects, a: notice requesting 
“color-blind” volunteers was placed in the 
National Institutes of Health newsletter. 
About 25 subjects were tested with 
the Hardy-Rand-Rittler pseudoisochromatic 
plates, the Farnsworth D-15 Panel, and the 
Nagel anomaloscope. In _ general, the 
anomalous trichromats were able to identify 
a number of the HRR plates correctly and 
had little difficulty in correctly arranging 
the colored discs. The dichromats failed 
both tests badly. A Nagel anomaloscope 
proved helpful in the classification of a few 
doubtful subjects. Most volunteers were 
young, but in the more elderly subjects the 
lenses were examined with the biomicroscope 


double-interference filters, while just to the right of it is a cell containing the neutral density 
filters. At the far right are the rotating sector disc with the motor shielded by tinfoil, Xenon 


lamp and JOVY rectifier, 
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to determine the presence of cataracts or 
marked yellowish discoloration, which would 
absorb blue light. 

Phenlyephrine (Neo-synephrine), 10% 
viscous, and proparacaine hydrochloride 
(Ophthaine), 0.5%, were used for dilation 
of the pupil and topical anesthesia for the 
cornea. The patient was seated for the 
testing procedure with the head steadied by 
an especially designed frame (Fig. 1). Two 
ground electrodes were placed on the 
forehead, with the reference electrode on 
the bridge of the nose. A Burian-Allen 
contact lens served as the counter electrode. 
A 1,000 watt 45 amp. Xenon lamp (Osram) 
was used as the light source, with the cur- 
rent supplied by a JOVY rectifier. Narrow 
bands of color with maximum intensity at 
wavelengths of 404, 419, 442, 456, 473, 502, 
523, 531, 558, 583, 610, 626, 648, and 
672 mp were obtained by the interposition 
of double-interference filters (R-40, GBA 
Balzers, DAL Schott and Gen.) into the 
path of the beam. The width of the color 
bands at half maximum transmission was 


15-25 mp» and at 0.001 of maximum 
transmission was only 60-80 mp wide. 
These filters transmit only 1%-2% of the 
incident light. 

Neutral density filters (Inconel filters 31, 
34, 38, Bausch & Lomb) were used to alter 
the stimulus intensity. The neutral density 


and interference filters were checked 
spectrophotometrically. A rotating sector 
disc supplied flicker stimuli of equal light- 
dark ratio at a rate of 32 per second. The 
electrical potentials were amplified and re- 
corded on the Grass encephalograph (Model 
III D, paper speed 6 cm. per second, time 
constant of 60 msec.). A frequency filter 
was used to suppress muscle activity which 
would disturb the record. A heat-absorption 
glass (KG I, Schott & Gen.) and a heat- 
reflection filter (Calflex, GBA Balzers) 
were employed in order to reduce infrared 
radiation. To determine the energy cor- 
rection necessary for the differences in 
radiant energy at each wavelength, a 
vacuum thermocouple (Type B, Pyrowerk) 
was used in conjunction with a galvanometer 
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(Leeds & Northrup). The light intensity 
produced by the Xenon lamp before filter- 
ing with either the neutral density or 
interference filters was 200 lamberts. The 
subjects were tested in a state of medium 
light adaptation (13 ft-c. at the eye), while 
convex lenses of short focal length, with 
focusing on the cornea, were used to supply 
areas of retinal illumination subtending 
angles of 15 or 60 degrees. For small 
stimulus areas, a parallel beam of light was 
found to subtend a visual angle of about 
1 degree, but because of the high stimulus 
intensity necessary, an area of about 
7 degrees is actually illuminated owing to 
the scattering effect of the optic media. 
The data necessary for two spectral 
sensitivity curves from different size stimu- 
lus areas could be recorded in less than 
30 minutes, 


Results 


In the determination of spectral-sensitivity 
curves, response height is plotted against 
density of the neutral filters at each wave- 
length (Fig. 2). The response heights at 
wavelength 558 mp were recorded at periodic 
intervals during the test period so that any 
significant alterations in amplitude of 
responses would indicate poor fixation on 
the part of the subject and invalidate the 
results. Figure 2 represents the data for 
a normal subject when a 60 degree stimulus 
area was used, and, in general, the curves 
are seen to be sinusoidal, which was 
characteristic of all the results whether or 
not the subjects were color defectives. For 
smaller stimulus areas the slopes were 
steeper. The spectral-sensitivity curves were 
determined by finding the density necessary 
to give a constant response, correcting the 
density for differences in energy value at 
different wavelengths, and determining the 
relative percentages of one density to an- 
other for each wavelength. The percentage 
values are then expressed in log units in 
plotting the final curve. For each stimulus 
area a spectral-sensitivity curve was cal- 
culated at three criterion values (three 
response heights—about 25, 50, and 75uyv., 
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60° STIMULUS AREA 


RESPONSE HEIGHT (pV) 


DENSITY (LOG UNITS) 


Fig. 2.—Intensity curves for each wavelength at 32 per second flicker are shown for a 
normal subject with large area retinal stimulation (60 degrees). The relative location of the 
curves for each wavelength along the horizontal axis has not yet been corrected for energy 


differences. 


except for 404 and 672 my, where usually 
only 25uv. were obtained) and the three 
curves averaged. This was thought to be 
justified, since there was little difference in 
sensitivity regardless of the criterion value 
chosen. In all subjects there was an increase 
in blue sensitivity at 456 mp of about 0.15 
log units for the higher criterion value. In 
the red part of the spectrum there was an 
at 610 mp in deuteranopes and normals for 
increase in sensitivity of about 0.1 log unit 
the higher criterion value, but in protanopes 

. a loss of sensitivity occurred for brighter 
stimuli. The increase in blue and red 
sensitivity at higher criterion values in 
normals has been described* but was less 
pronounced in this study. 

Although it is theoretically desirable to 
use large stimulus areas and low criterion 
data (dimmer stimuli) so as to reduce the 
contribution of indirect stimulation through 
scatter and reflection,**:1"* it was found 
in practice that untrained subjects were less 
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able to tolerate such wide illumination and 
often allowed their fixation to wander, 
giving unreliable data. Even the large stim- 
ulus area data which could be calculated 
showed more scatter of results than when 
smaller stimulus areas were used, as can be 
seen by comparing the data in Figure 6 to 
those in Figures 5 or 8. However, as has 
already been described, the only difference 
in normals between the spectral-sensitivity 
curves with small and large stimulus areas 
is a slight increase in blue sensitivity in 
the latter. Several additional normals were 
tested, and again an increase in blue sensi- 
tivity was found with large area stimulation 
(Fig. 3). The difference is not striking, 
because the curves are based on an average 
of three criterion values, while it has been 
shown that the blue “hump” in large area 
stimulation is accentuated by higher cri- 
terion values.?? 


For protanopes it can be seen in Figures 
4, 5, and 6 that a loss of red sensitivity is 
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Fig. 3.—The average of 
four spectral sensitivity 
curves in normals with a 
60 degree stimulus area is 
shown, with the limits of 
scatter indicated by the 
extent of the vertical lines 
which also indicate the 
location of wavelengths 
actually tested. An in- 
crease in blue sensitivity 
is evident for the sensi- 
tivity curve obtained with 
large area retinal stimu- 
lation (60 degrees). The 
broken line represents an 
average of four spectral 
sensitivity curves obtained 
with 1 degree stimulus 
areas, 
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evident, regardless of the size of area of 
retinal illumination. The protanope curve 
is narrower than the normal, with a shift in 
maximum sensitivity to about 531 mp, and 
the curve appears skewed to the left. 

In four deuteranopes the maximum lumi- 
nosity was shifted to about 583 mp with 
a skewing of the curve to the long-wave- 
length side of the spectrum, with a loss of 
green sensitivity which extends into the 
blue. It may be noted that only three 
deuteranope curves are shown in Figure 8, 
while the scatter in Figure 5 is dependent 
on data from four deuteranopes. The great 
scatter in the blue wavelengths in Figure 5 
was due to this fourth deuteranope whose 
data probably should not have been calcu- 
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lated because of poor fixation at the time 
of testing. In Figure 8, two deuteranomals 
who showed matching quotients on the 
Nagel anomaloscope of 2.7 and 4.0 are 
shown to have a loss of green sensitivity 
intermediate between that of deuteranopes 


and normals. The  spectral-sensitivity 
curves are again skewed toward the longer 
wavelengths, but in this case the maximum 
sensitivity is closer to 558 my. 

The three spectral-sensitivity curves of 
protanopes found with large stimulus areas 
(Fig. 6) showed what appeared to be blue 
“humps” with peaks somewhere between 
456 and 473 my, which are not obvious in 
the curves of normals or deuteranopes. 
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Fig. 4—The range of 
spectral sensitivity for 
four normals and five 
protanopes is shown with 
the spectral sensitivity 
curve of the mother of a 


protanope. 
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Comment 

It has been traditional to equate the psy- 
chophysical luminosity curves of normal 
and color-defective persons at equal max- 
ima,** as was done in Figures 5, 6, and 8 
in the present study. When this is done, 
all agree that protanopes show a significant 
loss in red sensitivity. However, when 
the deuteranope psychophysical luminosity 
curves are similarly compared with normals, 
there is no loss in green sensitivity but 
only a slight increase in red sensitivity in 
the region of about 600 my.* Several stud- 
ies indicate that the luminosity curves 
should be lowered in dichromats as com- 
pared to normals.®:1%!® Graham and Hsia ® 
found that five out of six deuteranopes 
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show a luminosity loss in the blue-green 
by measuring flicker-fusion frequency for 
different wavelengths and by threshold 
measurements performed at the fovea. 

This reported green loss is strikingly 
similar to that found in this study by elec- 
troretinography. One conflicting report has 
recently appeared suggesting that deutera- 
nopes show a luminosity gain of 36.2% 
rather than a loss.” 

In Figures 5 and 8, it can be seen that 
spectral-sensitivity curves determined by the 
method of electroretinography show a loss 
of red sensitivity in protanopes and 
a loss in green sensitivity for deutera- 
nopes even when the maxima are equated 
at the same level. Statistically, by the 
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Fig. 5.—The range of 
spectral sensitivity is 
shown for four deutera- 
nopes, five normals, and 
six protanopes. 
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method of analysis of variance, the groups 
seen in Figure 5 showed a highly signifi- 
cant difference which was dependent on the 
shape of the curves and independent of 
variations in location of their maxima. 
However, if the sensitivity curves of the 
dichromats are shifted along the ordinate 
(Fig. 10), the curves are seen to coincide 
closely on the red side for deuteranopes and 
normals and closely on the green side of 
the spectrum for protanopes and normals. 
It was found that this arbitrary reduction 
in sensitivity corresponds excellently to the 
reduction in sensitivity indicated by the 
decreased absolute amplitude of responses 
found in protanopes and deuteranopes as 
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compared to the normal (Fig, 9). The only 
conclusions that one may draw from these 
data are that the sensitivity curves in di- 


chromats, determined by  electroretinog- 
raphy, should be reduced in comparing 
them to the normal trichromats. Any at- 
tempt to extrapolate the exact reduction in 
sensitivity from these data is dangerous 
because of the errors inherent in any meth- 
od involving intersubject comparisons of 
response amplitudes by electroretinography. 
The position of the contact lens ®° and the 
effect of differences in the amount of ret- 
inal pigmentation *! are examples of fac- 
tors affecting the amplitude of response 
among normals. 
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60° STIMULUS AREAS 


Fig. 6.—Spectral sensi- 
tivity curves obtained 
with large stimulus areas 
(60 degrees) in two 
deuteranopes, three nor- 
mals, and three protan- 
opes. 
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Recently Rushton '-! extended his meth- 
od for measuring human cone photopigment 
absorption in situ, which depends on the 
analysis of light before and after fundus 
reflection and the differences found after 
pigment bleaching. Presently this is the 
only purely physical method for studying 
color mechanisms in humans and has an 
advantage over spectral electroretinography 
in that definite conclusions can be drawn 
about the photopigments themselves. The 
interpretation of results obtained by electro- 
retinography is complicated by the altera- 
tions of apparent sensitivity produced by 
pre- and postretinal factors as, for example, 
lens absorption of blue light and blood re- 
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flection of red light.?!?*-41 Also, the exact 
origin of the electrical potentials recorded 
remains a mystery, although they are 
known to be produced somewhere in the 
region including the bipolar- and photore- 
ceptor-cell layers of the retina.**** Future 
microelectrode studies will probably supply 
the answer to this problem. 

Knowledge about retinal pigments can 
be only indirectly inferred by electroreti- 
nography, but the method may be important 
in supplying information about alterations 
at more proximal retinal levels and con- 
tributes data about photopic color processes 
in the retinal periphery, which bleaching 
experiments have been unable to do. As 
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Fig. 7.—The average 
spectral sensitivity of six 
protanopes obtained with 
a 1 degree stimulus area 
is compared with the 
average sensitivity of 
three protanopes with a 
60 degree stimulus area. 
The curves are adjusted 
according to the differ- 
ences in density necessary 
to give a 50uv response 
at wavelength 558 ma. 


The shaded humps below 
represent the difference 
between the spectral sen- 
sitivity curves shown 
above (not corrected for 
equal quantum intensity). 
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Weale?’ has aptly stated, “the eye is not 
just a pot full of pigments, but its whole 
function can be elucidated only by a sys- 
tematic inquiry into the nervous mecha- 
nisms thrown into activity by photochemical 
action.” 

Both physical methods have been impor- 
tant in confirming the long-suspected belief 
that the deficiency in protanopes is at a 
peripheral locus which is retinal rather than 
in the optic pathways and that the loss of 
red sensitivity is in fact due to a loss of 
red-sensitive pigment.’® 

As was mentioned in the introduction, the 
maximum difference in spectral sensitivity 
by electroretinography between the prota- 
nope and normal when corrected for equal 
quantum intensity is at 590 mp (Fig. 10). 
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This is the peak absorption for the red- 
sensitive pigment found to be absent in 
protanopes by Rushton, who has named this 
pigment erythrolabe.’*® In Figure 10, the 
difference in sensitivity between the two 
types of dichromats and the normal is 
shown, which would suggest that a green- 
sensitive pigment is present in the normal 
with a peak absorption between 558 mp and 
531 mp. It would appear (Fig. 10) that 
the deuteranope lacks some green-sensitive 
pigment in the periphery which is present 
in the normal fovea and has its peak ab- 
sorption at about 540 my, according to 
Rushton.?® However, this green-sensitive 
pigment referred to as chlorolabe was 
found to be present in deuteranopes by the 
in situ bleaching method,'* so that an alter- 
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Fig. 8.—Spectral sensi- 
tivity curves of three 
deuteranopes, two deuter- 
anomals, an average 
curve for six protanopes, 
and the range of sensi- 
tivity of five normals are. 


shown together. 
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native explanation must be found. In the 
deuteranope it may be that the green-sensi- 
tive pigment is somehow unable to initiate 
an electrical response when stimulated by 
light, or perhaps there is an interruption 
of the electrical paths at higher retinal 
levels through which the “green impulses” 
are relayed. 

From Figure 8 it may be seen that the 
loss of green sensitivity in deuteranomals 
is analogous to the loss of red sensitivity 
in protanomals, where the loss of sensitivity 
is found to be intermediate between that of 
the normal and the dichromat. 

When an average of the spectral-sensitiv- 
ity curves in protanopes with large and 
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small stimulus areas is compared (Fig. 7), 
by adjusting the sensitivity of the large 
area curve upward according to the increase 
in density necessary at 558 my to give a 
50uv. response in one person, the difference 
in sensitivity is greatest at about 450 mp 
and 530 mp if corrected for equal quantum 
intensity. The blue “hump” which is more 
apparent with large area retinal illumination 
in protanopes than in either deuteranopes 
or normals (Fig. 6) would appear to indi- 
cate an increased peripheral blue sensitivity 
in protanopes. This is possibly explained 
by the replacement of the absent peripheral 
red-sensitive pigment by blue, just as the 
“red cones” of the fovea are said to be filled 
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Fig. 9. — Response 
heights in millimeters (12 
mm.=1004v) were found 
for the four wavelengths 
shown in four normals 
(four upper curves), four 
deuteranopes (dashed 
lines), and two protan- 
opes (solid lines). (No 
correction has been made 
for the differences in 
energy transission at 
different wavelengths. ) 
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Fig. 10.— The spectral 
sensitivity curves shown 
represent an average in 
each group of the sensi- 
tivity curves found with 
stimulation of a small 
retinal area (1 degree). 
The curves are adjusted 
on the vertical axis ac- 
cording to the differences 
in absolute density found 
at wavelength 558 my 
necessary to give a 50yuv 
response. The fourth un- 
labeled line represents the 
peripheral (8 degrees 
from fovea) cone curve 
found by Wald™ (psy- 
chophysical). The differ- \/10 the difference 
ence curves are shown between. normal 
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with green-sensitive pigment in the protan- 
ope.'® However, the shape of the sensi- 
tivity curve in the protanope for large area 
stimulation also suggests an increase in 
peripheral green sensitivity which perhaps 
may be similarly explained. A comparison 
between deuteranope curves obtained with 
small and large area stimuli does not sug- 
gest sensitivity alterations in the retinal 
periphery. 

At least one report of finding abnormal 
luminosity curves in carriers of color de- 
ficiency has appeared in the literature.** 
Female heterozygotes carrying the gene for 
protanopia have shown luminosity curves 
intermediate between that of protanopes 
and normals on the red side of the spectrum. 
A mother of several protanopes, classified 
as normal according to our screening tests, 
showed an electroretinal spectral-sensitivity 
curve similar to that of protanomalous 
subjects (Fig. 4). 

This subject could not be obtained for 
retesting nor were any other protoform 
carriers available, so that the result could 
not be confirmed. Furthermore, the result 
of this one case must be viewed with ex- 
treme caution because a psychophysical lu- 
minosity curve, determined by Dr. Louise 
Sloan, on this patient did not show a sig- 
nificant loss of red sensitivity. This case is 
reported only because the test data appeared 
reliable and a significant lowering of red 
sensitivity was found. 


Summary 


Spectral-sensitivity curves were deter- 
mined for a number of color-defective 
persons by the method of electroretinog- 
raphy. Two protanopes have previously 
been reported !* to show a loss in red sensi- 
tivity with a shift of the maximum sensi- 
tivity from 558 mp, found in the normal, 
to 531 mp. In this study all six protanopes 
tested showed the same change, which was 
present regardless of the size of the retinal 
area illuminated by the test stimulus. There 
appeared to be a blue “hump” at about 455 
my with large area retinal stimulation, 
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which is much lower in normals and sug- 
gests that protanopes may have an increased 
peripheral blue sensitivity as compared to 
normal trichromats. This increased periph- 
eral blue sensitivity in the normal has been 
related to a photopic blue mechanism and 
presumably is representative of a blue- 
sensitive pigment with its peak of absorp- 
tion at about 450-460 muy. 

The maximum loss of red sensitivity in 
the protanope, as compared to the normal, 
occurs at 590 mp, which corresponds well 
to the peak absorption of the red-sensitive 
pigment, erythrolabe, said to be absent in 
the fovea of protanopes. The absence of 
erythrolabe in protanopes appears clearly 
to account for a loss of red sensitivity 
found in both psychophysical luminosity 
curves and the sensitivity curves obtained 
by electroretinography. 

A loss of green sensitivity was evident 
in the spectral-sensitivity curves of deutera- 
nopes, and the maximum loss appears to 
correspond reasonably closely to the peak 
absorption of green-sensitive pigment 
(540 mp) which is present in the human 
fovea. However, this green-sensitive pig- 
ment, which has been called chlorolabe, is 
said to be present in the fovea of deutera- 
nopes.'® It is suggested that either chloro- 
labe is unable to initiate an_ electrical 
impulse in the deuteranope when bleached 
or perhaps there is an interruption in the 
transmission of these “green impulses” at 
more proximal retinal levels. 

It has been traditional to equate the max- 
imum sensitivities of normal and deutera- 
nope psychophysical luminosity curves at 
the same level which gives them the ap- 
pearance of having equal green sensitivities. 
Some recent psychophysical and electroreti- 
nographic evidence is cited that indicates 
the deuteranope sensitivity Curve should be 
lowered, thus showing a reduction in green 
sensitivity. It should be noted that spectral- 
sensitivity curves of three deuteranopes in 
this study showed a highly significant loss 
in green sensitivity, even when the maxima 
of the normal and deuteranope curves were 
equated equally in the traditional manner. 
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In fact, by determining the relative ampli- 
tudes of responses for several selected 
wavelengths, it would be possible in a test 
period as short as 10 minutes to determine 
whether a subject was deuteranopic, prota- 
nopic, or normal. 

The spectral-sensitivity curves of deu- 
teranopes by electroretinography showed a 
maximum sensitivity at 583 mu and ap- 
peared narrower than the sensitivity curves 
of normals. Two deuteranomalous subjects 
showed a loss of green sensitivity which 
was intermediate between that of normals 
and deuteranopes. 

The results in deuteranopes indicate that 
the site of the defect in deuteranopia and 
probably in deuteranomaly is peripheral 
(not in the optic pathways) and lies some- 
where in the region including the photo- 
receptor-cell and bipolar-cell retinal layers. 

This study was made possible through the guid- 
ance and instruction supplied by Dr. Eberhard 
Dodt. The assistance of Dr. Peter Gouras in the 


calculation of some of the data is greatly appre- 
ciated. 


National Institute of Neurological Diseases and 
Blindness, National Institutes of Health (14). 
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The Penetration of C'*-Labeled Atropine into the Eye 


A Comparison of Methods of Application 


RALPH G. JANES, Ph.D., and JAMES F. STILES, B.S., lowa City 


Although atropine is one of the oldest 
drugs known to man and has been widely 
used as a mydriatic agent, information con- 
cerning its penetration into the eye has been 
gauged, more or less, by the onset of its 
cycloplegic action and gross effects on the 
pupil. Two common methods for introduc- 
ing atropine into the eye are by topical 
application to the cornea and conjunctiva 
and by subconjunctival injections. 

The passage of drugs through the cornea 
into the globe is generally considered to be 
a process of simple diffusion.1 However, 
since there is a difference in the penetration 
of chemical compounds with polar and 
nonpolar constituents there may be an active 
transport of drugs through the cornea.? In 
this transport the pH of the solution seems 
to be an important factor.* Identification 
of chemical compounds after their ingres- 
sion into the eye has been made in a few 
instances, Recently Hamashige and Potts * 
traced the penetration of C-labeled corti- 
sone through the cornea and studied its dis- 
tribution in the cornea, aqueous humor, and 
uvea, Furthermore, the passage of procaine 
into the cornea, iris, and aqueous after 
subconjunctival injection has been studied 
by Schlegel and Swan.® 

The present study was undertaken in 
order to study the penetration into the eye 
of C-labeled atropine when it was ad- 
ministered by the subconjunctival route. In 
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addition, a comparison has been made of 
subconjunctivally administered atropine with 
the penetration of atropine when it was 
applied topically onto the cornea and con- 
junctiva, 

Methods 


Albino rabbits, weighing 2-3 kg., were 
anesthetized lightly with pentobarbital so- 
dium, and tetracaine (Pontocaine) was 
applied topically to the eyes before the 
atropine was given. Atropine was adminis- 
tered either subconjunctivally, presumably 
outside of Tenon’s capsule, or topically to 
the eye and was labeled on the tropic acid 
moiety 
and made up as a 1% atropine sulfate 
solution; 0.25 ml. of this solution, which 
contained 0.48yc., was administered to each 
eye studied. Before enucleation the rabbits 
were placed under deep pentobarbital sodium 
anesthesia. 

The atropinized eyes were studied at 
specific time intervals. Before the eyes 
were removed, the cornea was washed 
thoroughly and aqueous humor was with- 
drawn through an anterior chamber punc- 
ture. After enucleation, the eyes were 
opened near the equator and the lens and 
vitreous humor were removed. The iris 
and ciliary body, choroid and sclera, cornea, 
and retina were separated, washed carefully, 
blotted, and weighed. The conjunctiva and 
lens were not saved. It was not possible to 
retain in the conjunctiva all of the radioac- 
tive material that had been injected sub- 
conjunctivally. Furthermore, homogenized 
lens material when plated made a layer on 
the planchet which was too thick for count- 
ing. 
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The aqueous humor was divided into two 
portions, each of which was diluted up to 
1 ml. with water. Part of one portion was 
plated directly on stainless steel planchets, 
while the other was deproteinized with 
Ba(OH)s and ZnSO, before it was plated. 
One-fourth of the vitreous humor was 
plated without being diluted. Blood plasma 
or urine, 0.5 ml., was plated directly on 
planchets. The total volume of plasma was 
calculated on the basis of 51 ml. per 
kilogram of body weight, and a specific 
gravity of 1.025 was used for calculating 
the total weight of the plasma. 

The solid tissues were homogenized in 
50% ethanol and centrifuged. Aliquots of 
the supernatant fluid were plated. The 
planchets were dried at room temperature 
and then placed in a vacuum desiccator 
overnight. The radioactivity of two samples 
from each tissue was measured in an 
internal flow counter (Tracerlab Model 
SC-50) which was calibrated with Nuclear 
Chicago Standard BaC™O;. The values 
The 


were corrected for self-absorption. 


0 Cornea 


Aqueous 
O Vitreous 
4 Retina 


Counts/Minute/ Tissue Wet Weig 
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% Sclera and Choroid 


probable error of the C™ count was 1%-2% 
for tissues with high C™ concentrations and 
2%-3% for those with low concentrations. 
The values recorded in the tables and graphs 
represent the results of at least two eyes; 
usually not more than three eyes were 
studied because of the limited amount of 
labeled atropine that was available. 

In the study on freshly killed rabbits, 
the animals were anesthetized with ether 
until respiratory movements stopped. Then 
the thoracic cavity was opened and the 
aorta tied off. The atropine was immediately 
injected subconjunctivally. In the experi- 
ments in which atropine was _ instilled 
topically, the rabbit head was placed on its 
side and the eyelids were elevated. This 
procedure made certain that the atropine 
covered the cornea as well as the conjunctiva. 

Urine was taken by aspiration of the 
bladder after enucleation. Ordinarily the 
rabbits did not urinate during the first five 
hours of the study. 

In a few instances, one-dimensional paper 
chromatograms were run according to the 


/ris and Cilary Body 
@ Aqueous-Protein Free 


Fig. 1.—Distribution in 
living rabbits of C**-lab- 
eled atropine injected sub- 
conjunctivally. 
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PENETRATION OF ATROPINE 


method of Gosselin et al. in order to find 
out, if possible, what radioactive compounds 
were present in the various tissues. In 
addition, radioautograms were made of 
these paper strips. The radioactivity, when 
sufficient to be measured, gave Rf values 
similar to those obtained from a known 
sample of atropine or tropic acid. No effort 
was made to separate these compounds. 

A. Subconjunctival Administration.—1. 
Living Rabbits: Atropine entered the eye 
readily after subconjunctival administration. 
Within 15 minutes the greatest amount of 
the drug was found in the sclera and 
choroid, but a considerable amount was also 
present in the cornea (Fig. 1). The 
aqueous and vitreous humor and the iris 
and ciliary body showed some radioactivity 
at this time, but only a trace was found in 
the retina. In 30 minutes the cornea showed 
some increase in activity as did the aqueous 
and vitreous humor, but the iris and ciliary 
body showed some decline. The highest 
levels of radioactivity were found in the 
aqueous and vitreous humor between one 
and two hours; at five hours all the tissues 
showed a marked decline in radioactivity. 
It is of interest, however, that at five hours 
the radioactivity of the aqueous was higher 
than that of any other part of the eye, while 
no radioactivity was found in the retina. At 
12 hours most of the radioactivity had left 
the eye, although small amounts were still 
present in the vitreous, sclera and choroid, 
and iris and ciliary body. 


The question arose as to what happened 
to the injected atropine once it disappeared 
from the eye. To check this point, the C™* 
activity of the blood plasma and urine were 
determined in certain instances. Radio- 
activity began to appear in the blood shortly 
after atropine had been injected subcon- 
junctivally and subsequently appeared in the 
urine. Table 1 shows some determinations 
of the radioactivity of the plasma as well as 
some determinations for the urine. It will 
be noted that plasma levels of radioactivity 
were the highest in 30 minutes after the 
injection and decreased thereafter, and so 
at 12 hours no activity was present. It is 
interesting to note, also, that at five hours 
94% of the radioactivity was present in the 
urine. No attempt was made to collect 
voided urine, and this may account for the 
low radioactivity of the urine at 12 hours. 
Also, no attempt has been made in this study 
to determine the nature of the compound 
or compounds which have radioactivity in 
the urine, but presumably some was atropine 
and the rest metabolic products of atropine." 

Only a relatively small amount of the 
subconjunctivally injected material was 
found in the ocular tissues. For instance, 
in 15 minutes radioactivity corresponding 
to only 0.49% of the total amount of 
administered atropine was found in the 
sclera and choroid. The rest of the eye 
tissues, with the exception of the lens and 
conjunctiva, contained only 0.77%. It will 
be noted in Table i that the activity for the 


Taste 1—Per Cent of C™ Activity Recovered 


15 Min. 30 Min. 


1 Hr. 1% Hr. 


Live Animals (Subconjunctival Injection) 


0.65 
6.81 


Freshly Killed Animals (Subconjunctival Injection) 


6.17 
2.49 


4.48 4.23 
3.98 2.19 


Topical Instillation 


0.38 
2.52 
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Counts/Minute/ Tissue Wet Weight 


5 30 60 80 
Fig. 2.—Distribution in freshly killed rabbits of 
C-labeled atropine injected subconjunctivally. 


eye declined during the next 12 hours. In 
fact, at the time the animals were killed 
at 12 hours, there was only 0.02% in the 
sclera and choroid and only 0.04% remain- 
ing in the rest of the eye. 

2. Freshly Killed Rabbits: These animals 
received atropine having the same amount of 
radioactivity as that which was given to 
the living rabbits. It was interesting to note 
that after 15 minutes the vitreous body had 
approximately seven times the amount of 
radioactivity that was found in the living 
animal (Fig. 2). Greater amounts of C™ 
were also found in the retina, sclera and 
choroid, and cornea, but the levels in the 
iris and ciliary body were similar to those 
of the living rabbits. The radioactivity of 
the samples collected at 30 minutes was 
greater than samples collected at 15 minutes. 
This increase was much more apparent in 
60 minutes. For instance, the retina at this 
time had approximately 13 times the 
radioactivity of what was found in the 
living animal at a corresponding period of 
time. Likewise, it was eight times that of 
the living animal in the vitreous humor, 
three times in the cornea, four times in the 
aqueous, while it was sixfold in the iris 
and ciliary body. After one and one-half 
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hours, the longest period in which the 
freshly killed animals were studied, there 
was no great change in this relationship be- 
tween the ocular radioactivity of these two 
groups of animals. The total amount of C™* 
found in the ocular tissues at various periods 
of time was also higher than that found in 
the living rabbit (Table 1). 

B. Topical Instillation—The topical ap- 
plication of atropine to the eye had the 
advantage of being absorbed through the 
cornea as well as the conjunctiva. Conse- 
quently, higher levels of radioactivity were 
found in the eye after this method of ap- 
plication. The total amount of radioactivity 
found in various parts of the eye 30 minutes 
after the topical instillation of atropine is 
shown in Table 2. The aqueous humor 


TABLE 2.—Distribution of C%-Labeled Atropine 
Thirty Minutes After Topical Instillation 


Min. Wet of Applied Living 
Tissue Weight Counts Rabbits 
Protein-free aqueous 
humor 5,843 os 
Aqueous humor 6,189 1.41 1,666 
Vitreous humor 1,320 0.30 340 
Cornea 3,001 0.70 213 
Iris & ciliary body 439 0.10 188 
Conjunctiva & 
nictitating mem- 
brane 3,695 0.84 
Sclera & choroid 1,653 0.38 a 
Retina 57 0.01 180 
Eyelids 532 0.12 @ 
Unabsorbed atropine 294,583 66.92 
Total 317,402 


showed the highest levels, in fact, over 16 
times that found in the living animals in- 
jected subconjunctivally. Part of this 
increase was caused, perhaps, by the incom- 
plete washing of atropine from the surface 
of the cornea despite the precautionary 
measures taken. Likewise, the vitreous 
humor, cornea, iris, and ciliary body had 
atropine levels two to three times those 
found in rabbits given subconjunctival in- 
jections, Furthermore, at 30 minutes the 
total amount of atropine in the eye, with the 
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exception of the sclera, choroid, lens, and 
conjunctiva, was higher for the animals 
receiving topical atropine (Table 2). The 
sclera and choroid, in this instance, had less 
atropine, probably because this material was 
not placed adjacent to these structures as 
was the case when it was given subcon- 
junctivally. 

An attempt was made to recover the 
unabsorbed atropine when it was applied 
topically. Approximately 67% of the 


atropine was found in the washings from 
the cornea and conjunctiva. Moreover, ap- 
proximately 2.5% was found in the eye 
tissues (Table 2), and the remainder was 
presumably in the blood plasma and urine, 
although the latter fluids were not tested 
for radioactivity in this phase of the study. 


Comment 

The pathway taken by subconjunctivally 
injected atropine into the eye proper is not 
clear. It is easy to assume that it is picked 
up by the blood vessels going to the ciliary 
body and iris, where it is distributed to the 
different parts of the eye. However, in 
order to do this it must be picked up by 
capillaries in the area adjacent to the in- 
jected material, but these capillaries would 
be draining into venules and veins leaving 
the eye rather than entering the eye., Like- 
wise, if it were picked up by the lymphatic 
vessels it would be draining away from the 
eye. Although details of the circulation of 
the rabbit’s eye has not been worked out, 
presumably it is quite similar to that of the 
rat ® or the human being.® In the eyes of 
these species, capillaries in the conjunctiva 
drain either into conjunctival veins or into 
veins in the limbus, which may drain through 
the sclera on their way back to the oph- 
thalmic veins. Such pathways do not ex- 
plain how the atropine gets into the 
structures associated with the anterior cham- 
ber of the eye. 

The question thus arises as to whether 
atropine or other materials that enter the 
eye after subconjunctival injections enter by 
simple diffusion or by active transport 
across the various membranes. This ques- 
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tion was tested in freshly killed rabbits in 
which the aorta was tied off. Atropine was 
injected subconjunctivally into these animals 
and went into the eye readily; in fact, in 
one and one-half hours more had ac- 
cumulated in the eye than in eyes of living 
rabbits treated for the same period of time. 
It appeared, therefore, that the atropine 
probably entered the eye by simple diffusion 
and that the higher concentrations were 
present because the circulatory system was 
not picking up the material. 

Of course, when the circulation stops, 
various membranes lose their semiperme- 
ability..°7* This would permit easier diffu- 
sion of atropine. It is not possible to tell 
exactly what pathway is being used by the 
atropine in entering the eye. However, 
since it appears in the sclera and choroid, 
retina, and vitreous within a few minutes 
after it is injected, presumably it is diffusing 
through these membranes. Moreover, 
atropine is found in relatively high concen- 
trations in the cornea within 15 minutes 
after it is given. Probably this is ac- 
complished by a direct transfer along the 
connective tissue of the sclera and con- 
junctiva into the substantia propria of the 
cornea. Contamination of the cornea from 
the subconjunctivally injected atropine can- 
not be ruled out because of the close 
proximity of these structures. 

Moreover, it is not necessary to assume 
that atropine is secreted into the posterior 
chamber of the eye by the ciliary body, 
because it entered the aqueous in the freshly 
killed animal just as readily as in the living 
rabbit. Consequently, the atropine probably 
diffuses into the aqueous through the cornea 
as well as through the iris and ciliary body. 

Presumably, the radioactive material in 
the eye is atropine. It is true that much 
of the atropine can be metabolized to tropic 
acid and tropine by the time it is excreted.’ 
However, since these metabolic products 
do not produce mydriasis, it is thought that 
at least some of the radioactive material 
found in the eye after it is applied to this 
organ is atropine per se. 
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There was some indication in a pre- 
liminary study that atropine might be bound 
to the protein in the aqueous humor. Be- 
cause of this the radioactivity of the aqueous 
was determined in protein-free filtrates as 
well as in the aqueous proper. The assump- 
tion that the atropine was bound to the 
protein was apparently not correct because 
the concentrations of this material found by 
the two methods were very similar. 


Summary 

The penetration of C™-labeled atropine 
into the eye when given subconjunctivally 
to living and freshly killed rabbits, as well as 
when applied topically to the cornea and 
subconjunctiva of living rabbits, has been 
studied. 

It is apparent that atropine enters the 
eye by diffusion and that a functioning 
circulatory system is not a prerequisite for 
this penetration. The C1*-labeled material is 
found in all parts of the eye, even in the 
retina. 

More atropine enters the eye after topical 
instillations, provided the cornea is covered 
with the material, than when similar 
amounts are given subconjunctivally. 

Most of the C**-labeled material is present 
in the urine within five hours after it has 
been given subconjunctivally. 


Department of Anatomy, State University of 
Iowa College of Medicine. 
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WILLIAM W. JOHNSTONE, M.D., Chicago 


In recent years, surveys have indicated 
that approximately 2% of persons over 40 
years of age have undiagnosed glaucoma.'* 
In order to detect chronic simple glaucoma 
in its early symptomless stage, it seems 
desirable that in patients over 40 tensions 
should be taken routinely during general 
physical examinations. With this in mind, 
the Berens-Tolman Ocular Hypertension 
Indicator was introduced* to the medical 
profession in 1950 and was later modified 
somewhat as described in a statistical report 
of its use by Cholst and Horovitz.® In the 
latter paper, the Berens-Tolman and 
Schietz instruments were compared on 180 
glaucoma patients (number of eyes not 
stated), with use of a 5.5 gm. weight on the 
Schietz tonometer and the 1948 Schiotz 
calibration scale. Of 57 eyes with tensions 
elevated to between 30 and 60 mm. Hg, 
54 (95%) registered “high” on the OHI 
and 3 (5%) registered “normal” (false 
negatives). In 35 eyes with tensions below 
15 mg. Hg, the Berens-Tolman Indicator 
recorded “low.” The remaining eyes (num- 


Submitted for publication Jan. 7, 1959. 

From the Glaucoma Clinic of the Illinois Eye 
and Ear Infirmary of the University of Illinois 
College of Medicine. 


Clinical Comparison of the Berens-Tolman Ocular 
Hypertension Indicator with the Schiotz Tonometer 


TABLE 1.—Comparison of the Berens-Tolman Ocular Hypertension Indicator 
and the Schiotz Tonometer in One Thousand Eyes 


ber not noted) registered between 19 and 
28 mm. Hg, with “normal” reading on the 
OHI. In a control series of 32 nonglau- 
comatous eyes, they found normal tensions 
both with the Schiotz instrument and the 
OHI. 

Recently, a similar comparison was made 
in the Glaucoma Clinic of the Illinois Eye 
and Ear Infirmary with 1,000 tension 
determinations on 524 patients with various 
types of glaucoma (Table 1). All tensions 
were performed by me after approximately 
20 months’ experience in the Glaucoma 
Clinic. Approximately one-fourth of the 
Schistz determinations were done with a 
7.5 gm. weight and the remainder with a 
5.5 gm. weight on the tonometer. In each 
instance, the Schiotz determination was im- 
mediately preceded or followed by an OHI 
determination. On alternate days alternate 
instruments were used first. Where a dis- 
crepancy appeared between the findings of 
the two instruments, the readings were 
rechecked. 

As measured on the Tolman Micrometer, 
the OHI “normal” reading corresponds to 
3.6 on the Schiotz scale. Berens stated * 
that with practice discrimination on the 
OHI should not exceed +1 Schiotz scale 


19-27 


OHI 


Corresponds 
to Schigtz 


Lower Than 
Schigtz 


Higher Than 
Schigtz 


141 (62.6%) 84 (37.4%) 0 
“False negatives”’ 
409 (75.8%) 95 (17.9%) 26 (6.8%) 
“False positives” 
160 (65.3%) 0 85 (34.7%) 
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Schigtz, Mm. Hg OHI No. Eyes | 
More than 27 “High” 225 

“Normal” 530 
Less than 19 “Low” 245 Beis 7 
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unit. Taking 3.6 as the exact “normal,” the 
expected range of normal readings would 
therefore fall between 2.6 and 4.6 on the 
Schietz scale. This range corresponds to 
tensions of 19 to 27 mm. Hg on the 1955 
Schietz calibration scale with the 5.5 gm. 
weight. Accordingly, this range was selected 
as normal in this comparison series. In 
other words, all eyes registering between 
19 and 27 mm. Hg on the Schiotz tonometer 
should have indicated “normal” tension on 
the OHI. Those registering above 27 mm. 
Hg Schietz should have indicated “high” 
on the OHI, and those registering below 
19 mm. Hg Schietz should have indicated 
“low” on the OHI. 


Reference to Table 1 will show that 
out of 1,000 determinations, 225 eyes 
registered higher than 27 mm. Hg Schietz. 
Of these 225, 141 (62.6%) showed a good 
correlation and registered “high” on the 
OHI. The remaining 84 (37.4%) regis- 
tered “normal” on the OHI, whereas they 
should have indicated “high.” Of these 84 
apparently false negatives on the OHI, 10 
registered 28 mm. Hg Schiotz, 40 registered 


29 mm. Hg Schiotz, 24 registered 30 mm. 
Hg Schiotz, and 10 registered higher than 
30 mm. Hg Schietz. It is evident therefore 
that the greatest number of false negatives 
occurred in the range of 28 to 30 mm. Hg 


Schiotz. Of the 84 false negatives, 74 
(88%) lay in this range. Of those 530 
tensions ranging from 19 to 27 mm. Hg 
Schiotz, the OHI verified 409 (75.3%) as 
“normal,” indicated 95 (17.9%) as “low” 
and 26 (6.8%) as “high.” The latter fig- 
ure may represent false positives by the 
OHI or false negatives by the Schiotz. 
There were 245 tensions below 19 mm. Hg 
Schiotz; the OHI verified 160 (65.3%) of 
these as low and indicated 85 (34.7%) as 
normal. 

A study of these figures shows us that 
26 false positives in a series of 1,000 tension 
determinations would result in a false refer- 
ral rate of 2.6%. This may be considered as 
insignificant. An OHI reading of normal 
when it should read low is certainly of no 
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significance. The 37% of apparently false 
negatives might give cause for concern, and 
it was felt that a readjustment of the OHI 
might reduce this percentage. To test this 
opinion, an OHI was reset to read normal 
at a setting of 4.5 on the Tolman and on 
the standard Comberg micrometers. This 
setting corresponds to 18.9 mm. Hg with a 
5.5 gm. weight on the 1955 Schietz scale. 
The OHI readjusted to this setting permits 
easy recognition of a “high” reading when 
tested on a micrometer set at 2.5 (26.6 mm. 
Hg Schietz). There is therefore a new 
correlation between the OHI and _ the 
Schiotz readings—the OHI now being ad- 
justed to read “high” within the upper 
limits of the previously selected range of 
normal. The following data will prove that 
this altered relationship is desirable and 
serves to increase the value of the OHI as 
a screening device. 


Starting on March 30, 1959, a fresh 
series of tension comparisons was run on 
192 glaucoma patients, with a total of 369 
tension determinations. A 5.5 gm. weight 
was used on the Schigtz tonometer, and the 
operational details of the series were iden- 
tical to those described in the first series. 
Table 2 has been set up identical to the 
plan of Table 1, with the exception that the 
OHI readings are based upon the instru- 
ment readjusted as described above. A 
breakdown of the figures shows that the 
OHI now produces only 4.2% of apparent 
false negatives and 11.3% of apparent false 
positives. Surprisingly, the percentage of 
hypotensive eyes registering “normal” on 
the OHI is now 58.7%. Although I am 
unable to explain this discrepancy, I feel 
that it is of no clinical significance, since the 
instrument is only meant to be a hyperten- 
sion indicator. The 11.3% of apparent false 
positives, with three exceptions, registered 
tensions of above 23 mm. Hg. Therefore, 
although they are classified as false positives 
by the arbitrary scale in this paper, they 
probably should be considered glaucoma 
suspects by the latest concept of what con- 
stitutes normal tension.®* 
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TaBLe 2.—Comparison of the Readjusted Beren-Tolman Ocular Hypertension and 
the Schiots Tonometer in Three Hundred Sixty-Nine Eyes 


Schigtz, Mm. Hg OHI 


No. Eyes 


More than 27 “High” 95 
19-27 “Normal” 1% 
Less than 19 “Low” 80 


OHI 


Lower Than 
Schigtz 


Corresponds 
to Schigtz 


91 (95.8%) 4 (4.2%) 0 
“False negatives” 
166 (85.5%) 5 (3.2%) 23 (11.3%) 
“False positives” 
33 (41.3%) 0 47 (58.7%) 


Comment 


The OHI has the advantages of small 
size, durability, ease of plunger action with 
little tendency for sticking, and relatively 
small cost. The small size and durable con- 
struction permit it readily to be carried in 
the physician’s bag or pocket. It can be 
cleaned with water, but plastic solvents, such 
as ether, should not be used on it, as they 
tend to dissolve the cement which holds the 
scale-reading lens in position. 

The disadvantages center around the scale 
indicator which gives slightly over X< 2 
optical magnification, as compared to the 
X20 mechanical magnification of the 
Schietz tonometer scale. Since the OHI 
scale must be read from above, the instru- 
ment must be adjusted to the patient’s eye 
largely by the sense of touch. This requires 
practice. The scale can be read from the 
side, but the examiner’s eye must be on a 
level with this portion of the scale in order 
to read it accurately—to reach this position, 
he must sit on or near the floor. Relative 
to experience with the Schiotz tonometer, 
Zeller and Christensen? have shown that 
interns can use this instrument to detect 
early glaucoma. They quote a series of 
1,000 tension determinations in which there 
were no false negatives. 


Conclusions 


Comparing the Berens-Tolman Ocular 
Hypertension Indicator and the standard 


Johnstone 


Schietz tonometer in a series of 1,000 ten- 
sion determinations, there was an apparent 
false-negative rate of 37% when the OHI 
was set at 3.6 on the micrometer. This rate 
would have been much higher had we con- 
sidered 22 mm. Hg as the upper limit of 
normal instead of 27 mm. Hg. However, 
with the instrument readjusted to read nor- 
mal at 0.225 mm. corneal indentation (4.5 
on the micrometer), the false-negative rate 
was reduced to 4.2% in a series of 369 
tensions. 

These data suggest that the OHI when 
suitably adjusted can be accurate in detect- 
ing early intraocular hypertension and that 
it should be a useful tool in the physician’s 
armamentarium. 


904 W. Adams St. (7). 
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Turnover of Total Carbon Dioxide in the Aqueous 
Humors and the Effect Thereon of Acetazolamide 


V. EVERETT KINSEY, Ph.D., and D. V. N. REDDY, Ph.D., Detroit 
With the Assistance of Isabel Aitken, 8.S., and Ruth Carter, B.S. 


The rate of turnover of free carbon 
dioxide and bicarbonate ion (total carbon 
dioxide) in the anterior chamber of the 
eye of the rabbit has been estimated to be 
about 4% per minute.! The separate rates 
of turnover of the several components of 
the bicarbonate system were taken into ac- 
count in making the calculation, but no 
allowance was made for the possible accel- 
erating effect on the turnover due to the 
conversion of carbon dioxide to bicarbonate 
ion. Moreover, the calculated value for the 
rate also depended upon the validity of the 
assumption that the difference in the pH 
between the aqueous humor and plasma 
before and after giving acetazolamide 
(Diamox) remained constant, that the drug 
had no effect on the rate of diffusion of 
either carbon dioxide or bicarbonate ion, 
and that the flow rate of aqueous humor 
was reduced to one-half by the acetazol- 
amide. Since these assumptions may not be 
exact, the value for the turnover rate must 
be regarded as an approximation. 

Unfortunately, the method employed for 
estimating the turnover in the anterior 
chamber was not applicable for the estima- 
tion of the turnover in the posterior cham- 
ber, but preliminary experiments employing 
bicarbonate labeled with C™ did indicate 
that the rate was very rapid compared with 
other substances. 

It was thought that a more detailed study 
of the turnover of total CO2 would lead to 

Submitted for publication Dec. 29, 1958. 

The study was supported in part by Research 
Grant B-1100 from the National Institute of Neu- 
rological Diseases and Blindness, National Insti- 
tutes of Health, U. S. Public Health Service, and 
Lederle Laboratories Division, American Cyanamid 
Company, Inc. 


106/78 


greater insight into some of the fundamen- 
tal processes involved in the production of 
aqueous humor as a whole and possibly also 
to a better understanding of how the 
intraocular pressure is maintained and con- 
trolled. Furthermore, it is known that acet- 
azolamide and related compounds affect one 
of the parameters of the system of aqueous 
humor dynamics, a consequence of which is 
the lowering of intraocular pressure and a 
reduction in the concentration of the total 
COz in the aqueous humors. Accordingly 
it seemed worth while to investigate the 
turnover of total CO2 not only in normal 
animals but also in those given this drug. 
Methods 

All of the experiments were performed 
on rabbits which were wrapped in towels to 
prevent struggling. Freshly prepared acet- 
azolamide (50 mg. per kilogram) and 
20pc. of radioactive bicarbonate, as sodium 
salts, were administered intravenously. 
Samples of aqueous humor were obtained 
from the posterior chamber and immedi- 
ately thereafter from the anterior chamber 
with use of calibrated micropipettes and 
techniques previously described.2 The eyes 
were anesthetized topically with tetracaine 
hydrochloride and were tapped but once. 
Three blood samples were obtained from 
each animal by heart puncture and centri- 
fuged under paraffin oil. 

Radioactivity of the samples was assayed 
by delivering known volumes of plasma and 
aqueous humor into 50ul. of 2% solution 
of Ba(OH)s on flat copper planchets. The 
samples were spread on the planchets with 
a small glass rod and dried in air. The 
value for self-absorption was determined in 
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preliminary studies using comparable vol- 
umes of aqueous humor and plasma. A 
positive correction of 6% was found and 
applied for the anterior aqueous humor and 
16% for the plasma. The radioactivity of 
the samples was counted with a shielded 
end-window counter (Tracerlab TGC-2) 
and a decade scaler. All planchets were 
counted for a time sufficiently long to limit 
the standard error to less than 5%. Radio- 
activity counts were corrected for back- 
ground, but no correction was made for 
loss by coincidence because of the low rate 
of counting. 

The radioactivity per unit weight of 
plasma water at two minutes after the 
injection of C™ bicarbonate was arbitrarily 
assigned a value of 100. The radioactivity 
in the same quantity of aqueous humor is 
expressed on the same scale. 


Results 


The concentration of C™ in the aqueous 
humors of the posterior and anterior cham- 
bers relative to that in the plasma at 
various periods after giving C1 *-labeled 
bicarbonate is shown for normal rabbits in 
Figure 1. The points represent sliding 
averages by fives. The Figure shows that 
the total labeled carbon dioxide entered the 
posterior chamber extremely rapidly. Actu- 
ally the sliding averages tend to shift the 


points slightly to the right, and so the rate 
of accumulation is still greater than the data 
would indicate. In one experiment in which 
a sample of plasma and one of aqueous 
from the posterior chamber were obtained 
within 45 seconds after injection of bicar- 
bonate the radioactivity per unit volume 
in the latter fluid had already exceeded that 
in the plasma. While the rate of accumula- 
tion is too great to permit a quantitative eval- 
uation of the ¢,,, or half-turnover time, it 
must be less than about 10 seconds. 

The rate of accumulation of total labeled 
COz in the anterior chamber is much lower 
than in the posterior chamber, but the trans- 
fer is relatively rapid as compared with 
such other constituents of the aqueous as 
sodium or chloride.* 

The accumulation of total CO, in the 
aqueous humor of the posterior and anterior 
chambers was determined in rabbits given 
an intravenous injection of 50 mg. of 
acetazolamide per kilogram 15 minutes prior 
to the administration of radioactive bicar- 
bonate (Fig. 2). 

The relatively short time interval after 
injection was selected for these experiments 
for two reasons: Wistrand* found that ap- 
proximately half of the acetazolamide dis- 
appeared from the rabbit plasma within 20 
to 25 minutes, and Langham and Lee® 
reported that the rate of flow of aqueous 
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Fig. 1—The concentration of C-labeled total carbon dioxide in the plasma, posterior and 
anterior chambers in the eyes of rabbits at various intervals after intravenous injection of 


C**-labeled bicarbonate. 
Kinsey—Reddy 
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POSTERIOR 


TOTAL C!40, (AFTER ACETAZOLAMIDE) 


L 


23834858 6 F686 WOH 2 ES 


16 


TIME (MINUTES) 


Fig. 2—The concentration of C-labeled total carbon dioxide in the plasma, posterior and 
anterior chambers of the eyes of rabbits 15 minutes after administration of acetazolamide at 
various intervals after the injection of C-labeled bicarbonate. 


humor is reduced but temporarily after 
administration of acetazolamide. By chance, 
the maximum effect of the drug, as will 
become evident later, is manifest after about 
this time interval. 

A comparison of the data shown in Fig- 
ures 1 and 2 indicates that the rate of de- 
crease of radioactive CO2 in the plasma of 
treated and untreated animals is indistin- 
guishable, but the concentration of total 
labeled CO, in the posterior chamber of 
rabbits given acetazolamide is much less 
than in untreated animals. The half-turn- 
over time (¢,,) in the posterior chamber 
would appear to be of the order of two 
minutes, or at least 10-15 times less than in 
untreated rabbits. 

The turnover rate in the anterior cham- 
ber is also depressed but probably to a less 
extent. 

The time course of the inhibiting effect 
of acetazolamide on the turnover of bicar- 
bonate in the posterior and anterior aqueous 
humors was determined. Figure 3 shows the 
concentration of total CO2 in the posterior 
and anterior chambers (where the concen- 
tration in the plasma two minutes after 
administration of radioactive bicarbonate is 
arbitrarily set at 100) plotted against the 
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time after giving acetazolamide. Each point 
on the graph represents an average of at 
least four eyes, and those after 10 or 15 
minutes, at least eight eyes. The results 
indicate that the maximum inhibiting effect 
of acetazolamide in both the posterior and 
anterior chambers occurs at approximately 
15 minutes after the injection of the drug. 
The graph shows also that the turnover of 
bicarbonate in the aqueous humor of the 
posterior chamber has almost returned to 
normal after an hour and that in the anterior 


POSTERIOR 


ANTERIOR 


20 40 #60 80 100 120 
TIME AFTER ACETAZOLAMIDE 
(MINUTES } 

Fig. 3.—The concentration of C-labeled total 
carbon dioxide in the posterior and anterior cham- 
ber two minutes after the injection of C’*-labeled 
bicarbonate at various periods after administration 
of acetazolamide. 
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PERCENT OF CONC. IN PLASMA 


25 
Mgm./kg. ACETAZOLAMIDE 
Fig. 4—The concentration of C-labeled total 
carbon dioxide in the posterior and anterior cham- 
ber two minutes after the injection of C'-labeled 
bicarbonate and 15 minutes after administration of 
varying doses of acetazolamide. 


aqueous within two hours after the animals 
received acetazolamide. 

The relationship between inhibition of 
turnover of total CO2 and the dose of acet- 
azolamide administered is shown in Fig- 
ure 4. The concentration of the isotope in 
the aqueous humors was determined 15 
minutes after the animals were given the 
drug and two minutes after the injection 
of radioactive bicarbonate. The concentra- 
tion is expressed as a percentage of that 
in the plasma at the same time. The inhibi- 
tion of turnover approaches a maximum 
asymptotically with dose. 

A number of experiments were per- 
formed in which acetazolamide was admin- 
istered topically or subconjunctivally. In 
the first instance 1 drop of 5% solution of 
the drug was applied per minute over a 
period of 15 minutes, and in the second 
0.15 ml. of a saturated solution, pH 9, was 
injected subconjunctivally 8 to 15 minutes 
prior to giving the labeled bicarbonate. No 
inhibition was observed in any of the 
animals. 

It is interesting to note that the concen- 
tration of labeled COz2 in the anterior 
chamber of the eyes of animals receiving 
acetazolamide by subconjunctival injection 
was above normal—a result easily accounted 
for on the basis of increased permeability 
of the iris vessels because of the irritating 
effect of the injection. Despite the possi- 
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bility of back-diffusion into the plasma, the 
concentration of bicarbonate in the posterior 
chamber after two minutes was found to 
exceed that of the plasma by approximately 
20%. 


Comment 


The turnover of total CO, between plas- 
ma and aqueous humor as determined by 
isotopically labeled bicarbonate involves the 
separate rates of diffusional exchange 
across the blood aqueous barriers of free 
bicarbonate ion, and undissociated 
carbonic acid. Unlike the situation for such 
ions as sodium and chloride, the character- 
istics of the blood aqueous barriers are not 
the sole factors controlling the turnover 
rate; for the bicarbonate system the rate 
of conversion of carbon dioxide to bicar- 
bonate also influences the rate. 

The rapidity of the turnover of total 
COz in normal animals as observed in the 
present experiments and the depression of 
the turnover by acetazolamide we interpret 
as follows: Normally free CO: diffuses 
rapidly from the blood across the stroma 
and epithelium of the ciliary processes or, 
in the instance of the anterior chamber, by 
way of the iris vessels. In transit, labeled 
COz exchanges for unlabeled CO. where 
the former is hydrated to form labeled bi- 
carbonate. The bicarbonate ion, in effect, 
becomes “trapped” in the aqueous humor 
to the extent that its diffusibility into the 
blood is less than that of free CO,. This 
conversion of labeled COz to labeled bicar- 
bonate probably occurs at a very rapid rate 
in normal animals and has the effect of 
reducing the concentration of labeled CO2 
available to diffuse back to the blood. In 
other words, the trapping action tends to 
maintain the gradient of free C'O2 between 
blood and aqueous at close to that prevailing 
initially until the total labeled CO has 
almost reached steady-state level. The con- 
tribution of free carbonic acid is believed 
to be small because of its low concentration. 

Acetazolamide presumably suppresses the 
turnover through interference with the trap- 
ping mechanism, i. e., by slowing the con- 
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version of carbon dioxide to bicarbonate 
through inhibition of carbonic anhydrase, 
the enzyme in the ciliary epithelium 
which normally catalyzes the reaction 
(C*O2.+ +H*+). The dif- 
fusion rates are probably not altered by the 
drug (Green*). This explanation of the 
mechanism of action is in accord with that 
postulated for other tissues. 

That the depression of the CO2 turnover 
in the aqueous humor is not caused primarily 
by a lack of labeled CO, in the blood 
through a depression in the rate of conver- 
sion of the HC™Os; to C™QOsz is indicated 
from results of an experiment in which the 
radioactivity of expired CO2 in normal rats 
and those given acetazolamide in doses sim- 
ilar to the ones employed in the present study 
was found to be indistinguishable.* Fur- 
thermore, the magnitude of the inhibition 
of turnover is much greater than could be 
accounted for from the relatively greater 
decrease in the absolute concentration of 
bicarbonate in the posterior chamber com- 
pared to the plasma. 

The conclusion that the rapid turnover is 
due chiefly to diffusional exchange of CO» 
with subsequent conversion to HCQOs ion is 
contrary to that of Green and Sawyer,"*® 
who have also investigated the turnover of 
total COs. They believe that the observed 
turnover rate is a measure of the rate of 
penetration of the bicarbonate ion itself. 

The results obtained with acetazolamide 
in the present study also lead to conclusions 
different from those reached by Green and 
Sawyer, who made their measurements of 
the turnover of COs only at the one time 
period (45 minutes) after administration 
of the drug. From the curve showing the 
time course of the inhibiting action of acet- 
azolamide it is apparent that most of the 
effect had disappeared within 45 minutes. 
Thus while the results in the two labora- 
tories agree that there is little effect from 
acetazolamide after 45 minutes, we conclude 

* These experiments were performed for us by 
Dr. James L. Spratt in Dr. George V. Leroy’s 


Laboratory at the University of Chicago, the 
School of Medicine. 
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that this compound is a potent inhibitor of 
the turnover of total COs, albeit the effect 
is of limited duration. 

The question of the extent to which 
carbonic anhydrase participates in the ac- 
cumulation of excess bicarbonate and the 
relation between the inhibiting effect of 
acetazolamide on the turnover of total COs 
and the reduction in pressure and flow will 
be the subject of a subsequent paper. 


Summary 


The accumulation of C-labeled carbon 
dioxide and bicarbonate ion (total carbon 
dioxide) in the aqueous humor of the 
posterior and anterior chambers after par- 
enteral administration of C1-labeled bicar- 
bonate in rabbits has been determined. 

Within less than one minute after intra- 
venous injection, the concentration of total 
labeled carbon dioxide in the posterior 
aqueous exceeds that of the plasma by 
approximately 20%. Because of the rapid- 
ity of the entrance into the posterior cham- 
ber no quantitative value for the turnover 
rate could be calculated. The turnover in 
the anterior chamber was much less rapid 
and occurred at a rate corresponding 
roughly to a half-life of 10 minutes. 

The intravenous administration of 50 mg. 
of acetazolamide (Diamox) per kilogram 
was followed by a marked inhibition in the 
turnover rate, especially in the posterior 
chamber. 

The inhibitory effect of acetazolamide 
approached a maximum asymptotically 
with dose of the drug. 

Maximal inhibition following a dose of 
50 mg. of acetazolamide per kilogram oc- 
curred after 15 minutes; after one hour the 
turnover rate had returned almost to the 
normal level. 


The high rate of turnover of total carbon 
dioxide between plasma and posterior aque- 
ous was accounted for on the assumption 
that labeled free carbon dioxide diffuses 
with great rapidity into the aqueous, where 
it is hydrated to form the more slowly 
diffusing labeled bicarbonate ion, i. e., be- 
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comes “trapped.” The reduction in the 
turnover rate produced by acetazolamide 
was believed to result from an inhibition of 
carbonic anhydrase, the enzyme concerned 
with the conversion of to HCQs. 


Kresge Eye Institute, 690 Mullett St. (26). 
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Vertebral-Basilar Arterial System 


R. HUGH MINOR, M.D.; THOMAS P. KEARNS, M.D.; CLARK H. MILLIKAN, M.D.; 
ROBERT G. SIEKERT, M.D., and GEORGE P. SAYRE, M.D., Rochester, Minn. 


Ocular symptoms and signs occur fre- 
‘quently in occlusive disease of the vertebral- 
basilar arterial system. Now that treatment 
has been improved and has been found use- 
ful in selected cases, careful studies and 
exact diagnoses assume more than academic 
interest in the management of cerebrovascu- 
lar disease. Ocular symptoms develop in a 
number of patients with insufficiency within 
this vascular system as the initial or primary 
manifestation of their disease. Therefore, 
the ophthalmologist must be thoroughly 
familiar with this vascular disorder. 

In previous publications,** the term 
“syndrome of intermittent insufficiency of 
the basilar arterial system” was introduced. 
As used in the present report, “insufficiency 
of the vertebral-basilar arterial system” is a 
clinical diagnosis made on the basis of re- 
current transient episodes of focal neuro- 
logic impairment resulting from periods of 
inadequate blood flow through the vertebral, 
basilar, and posterior cerebral arteries and 
their branches. The symptoms include 
various combinations of dizziness, vertigo, 
blurred vision, diplopia, dysarthria, dys- 
phagia, weakness of the limbs, numbness, 
and confusion. The symptoms frequently 
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are bilateral or may alternate from side to 
side. Most episodes last from 5 to 15 
minutes, but their duration may vary from 
several minutes to several hours. Objective 
neurologic signs are present during an at- 
tack but are characteristically absent be- 
tween episodes. In some instances, minor 
residual signs, such as nystagmus, may per- 
sist. 

It is sometimes difficult to determine by 
clinical methods exactly when occlusion 
within the vertebral-basilar arterial system 
develops in a patient with symptoms of 
intermittent insufficiency. When significant 
neurologic abnormalities are persistent or 
become progressive, the patient is considered 
to have a cerebral infarct and a clinical 
diagnosis is made of “thrombosis within the 
vertebral-basilar arterial system.” 


Anatomic Aspects 


An understanding of the anatomy is es- 
sential in recognizing and interpreting this 
clinical syndrome. The basilar artery is 
formed by the right and left vertebral 
arteries, which meet at the lower border of 
the pons. The basilar artery runs forward 
and upward in the midline of the pons and 
bifurcates into the two posterior cerebral 
arteries at the upper border of the pons. 
Each posterior cerebral artery runs laterally 
and then, after receiving the posterior com- 
municating artery, turns backward along the 
lower mesial surface of the cerebral hemi- 
sphere to supply portions of the temporal 
and occipital lobes. 


Each posterior cerebral artery normally 
receives a posterior communicating artery 
from the internal carotid artery of the same 
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side, forming the posterior portion of the 
circle of Willis. The high frequency of 
deviations from the normal pattern of the 
circle of Willis and the resultant alteration 
of the potential cerebral collateral circula- 
tion are poorly described in many textbooks 
of anatomy. In a review of three large 
series of anatomic studies of the circle of 
Willis in adults without aneurysms, Dandy 
found a normal circle of Willis in barely 
50% of the cases. In 8% of the total group, 
an interruption was present in the circle of 
Willis. Deviation from the normal size of 
the component vessels, most commonly in 
the posterior part of the circle, was present 
in more than 40% of the cases. Vander 
Eecken and Adams pointed out that, in ad- 
dition to the circle of Willis, the meningeal 
arterial anastomoses and the capillaries of 
the brain play a role in adjusting the hemo- 
dynamics after cerebrovascular occlusion. 
This variability in blood supply is probably 
one of the factors that accounts for the dif- 
ferent combinations of signs and symptoms 
in patients with occlusive disease of the ver- 
tebral-basilar system. 


Review of the Literature 


Prior to 1940, little was written concern- 
ing diseases of the basilar artery. Even 
recently published textbooks dealing with 
cerebrovascular disease, ophthalmology, and 
neuro-ophthalmology devote little or no space 
to the subject. Most authors state the com- 
monly held opinion that obstruction of the 
basilar artery causes death within a short 
time. 

Necropsy data in cases of blindness or 
bilateral homonymous hemianopsia resulting 
from occlusive disease within the vertebral, 
basilar, or posterior cerebral arteries were 
reported by several 
beginning in 1941. Several other authors 
reported on patients who had bilateral field 
defects thought clinically to be due to oc- 
clusive disease within the posterior cerebral 

In 1946, Kubik and Adams made a 
clinical and pathologic study of occlusion 
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of the basilar artery, presenting 11 fatal and 
4 nonfatal cases of thrombosis of the basilar 
artery. Transient premonitory symptoms 
prior to the fatal occlusion were noted in 
the histories of 8 of the 11 patients. 


Denny-Brown ® reported a case of basilar- 
artery occlusion in 1951, in which he at- 
tributed the fluctuating signs and symptoms 
to a state of episodic insufficiency in the 
circle of Willis. In 1953, he discussed? the 
basilar-artery syndromes. Biemond reported 
four cases of basilar-artery thrombosis in 
1951. In 1953, Fisher and Cameron re- 
ported the case of a 70-year-old woman with 
a clinical diagnosis of incipient basilar-artery 
thrombosis whose recurrent transient cere- 
bral attacks were controlled by administra- 
tion of anticoagulants; they stressed the 
frequency and importance of such transient 
warning phenomena in _ cerebrovascular 
thrombotic processes. Campbell also re- 
ported on a patient whose episodic symptoms 
of a similar nature ceased after anticoagulant 
therapy. He stated that occlusion of the 
basilar artery with disturbance of function 
in the regions of the brain it supplies is 
known as the “basilar-artery syndrome.” 
Corday and associates defined the entity of 
“cerebral vascular insufficiency” as a gen- 
erally transient and reversible insufficiency 
of the cerebral blood flow caused by a de- 
crease in systemic blood pressure, 

Kubik and Adams commented that basilar- 
artery thrombosis is not always fatal. In 
1953, Freeman and co-workers reported on 
a patient who had survived for 10 months 
after what was diagnosed clinically as 
basilar-artery occlusion, Siekert and Sayre, 
in 1954, reported the necropsy findings con- 
cerning a patient who lived eight months 
after clinical evidence of basilar-artery oc- 
clusion before dying of a myocardial infarct. 

Silversides reported 22 cases of basilar- 
artery thrombosis in 1954. Nine of the 
patients in this series had recurrent premoni- 
tory symptoms prior to the terminal basilar- 
artery thrombosis. He suggested that such 
symptoms might be due to periodic in- 
sufficiency of blood flow to the brain stem. 
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Millikan and Siekert emphasized the con- 

cept of the syndrome of intermittent in- 
sufficiency of the basilar arterial system and 
presented 10 cases, including 5 in which 
ocular findings were present, to document 
the condition. Three of these ten patients 
subsequently died of basilar-artery throm- 
bosis, the diagnosis being substantiated at 
necropsy in each instance. Their report sug- 
gested that this syndrome occurs more 
commonly than is generally realized and fre- 
quently precedes basilar-artery thrombosis. 
In a subsequent article, the same authors * 
presented a group of 28 fatal cases of 
basilar-artery thrombosis; such premonitory 
symptoms of cerebrovascular insufficiency 
were noted in 20 of these cases. The varying 
signs and symptoms were correlated with 
the location of the ischemia or infarction 
in the tissues supplied by the basilar artery 
as follows: 1. Dimness of vision results 
from involvement of the calcarine regions 
of the occipital lobes, which receive their 
blood supply from the posterior cerebral 
arteries, the terminal branches of the basilar 
artery. 2. Diplopia and nystagmus result 
from involvement of the cranial nerves con- 
cerned with rotation, the medial longitudinal 
bundle, and the vestibular nuclei. 3. Pu- 
pillary abnormalities result from lesions in 
the mesencephalic tegmentum and tectum 
and the descending sympathetic fibers. 4. 
Pseudobulbar phenomena, such as dysarthria 
and dysphagia, are caused by involvement of 
the corticobulbar fibers to the nuclei of the 
lower cranial nerves. 5. Weakness of the 
limbs results from involvement of the corti- 
cospinal tract. 6. The peripheral type of 
facial weakness results from lesions in the 
facial nuclei or intrapontine facial nerve 
fibers. 7. Alteration in consciousness is pre- 
sumably due to involvement of ascending 
reticular pathways. 

Gross and associates reported on two 
patients with basilar-artery occlusion whose 
only ocular findings were small nonreactive 
pupils. De Hollander reported a case of 
basilar-artery thrombosis in which pathologic 
examination suggested that the thrombosis 
may have followed an episode of arteritis. 
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Ford reported the case of a boy who had 
intermittent episodes of nystagmus, diplopia, 
and blurred vision resulting from obstruc- 
tion of the vertebral arteries caused by a 
defect in the odontoid process that allowed 
excessive mobility of the second cervical 
vertebra. Ford and Clark reported on two 
patients who had basilar-artery thrombosis 
after manipulation of the neck. Meyer and 
co-workers recorded the effect of 70-degree 
postural tilting on the systemic blood pres- 
sure and the electroencephalogram in pa- 
tients with histories of severe basilar-artery 
insufficiency. The decrease in blood pressure 
was significantly greater in these patients 
than it was in a control group without 
known cerebrovascular disease. 


Present Study 


This study is based on 183 cases of oc- 
clusive disease of the vertebral-basilar arte- 
rial system diagnosed at the Mayo Clinic 
during the years 1953 through 1956. An 
attempt was made to include every patient 
who received such a diagnosis during this 
four-year period. The diagnosis was estab- 
lished in each instance by a neurologic 
consultant after a detailed history and neu- 
rologic examination. 

Patients who were thought to have oc- 
clusive disease of both the carotid and the 
basilar arterial systems were excluded from 
this study, as were those patients with 
isolated thrombosis of the posterior inferior 
cerebellar artery. 

The patients were divided arbitrarily 
into two groups as described in previous 
publications, namely (1) those with a 
clinical diagnosis of thrombosis within the 
vertebral-basilar system (124 patients) and 
(2) those with a clinical diagnosis of inter- 
mittent insufficiency of the vertebral-basilar 
system (59 patients). Patients who ulti- 
mately exhibited a _ significant residual 
neurologic deficit after an episode of in- 
sufficiency within the vertebral-basilar sys- 
tem were considered to have had an infarct 
and were placed in the first group. The 
severity of the lesions in patients in the 
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“thrombosis” group ranged from minor 
infarcts caused by transient circulatory in- 
sufficiency to complete basilar-artery oc- 
clusion resulting in death. 

Necropsy findings were available in 19 
cases, One additional patient was found to 
have basilar-artery thrombosis at necropsy 
elsewhere. 


Clinical Observations 


Of the 183 patients in this series, 127 
(70%) were men. The ages of the entire 
group of patients ranged from 38 to 83 
years, with an average age of 61 years. A 
total of 83% of the patients were between 
50 and 70 years of age, while slightly more 
than 50% were in the age group of 55 
through 65 years. 

Hypertension was noted in 32 of the 124 
cases of thrombosis and in 16 of the 59 
cases of intermittent insufficiency of the 
vertebral-basilar arterial system. Of the 183 
patients, 7 were known to have had previous 
myocardial infarction ; 4 others had auricular 
fibrillation, and 3 had coronary insufficiency. 
One of the patients with auricular fibrillation 
had rheumatic endocarditis. One patient had 
aortic stenosis. Four patients had poly- 
cythemia, and seven had diabetes mellitus. 
Six patients experienced _basilar-artery 
thrombosis after general anesthesia for 
surgical procedures ; one of these died. 

Episodes of intermittent insufficiency in 
one patient appeared to be associated with 
periods of coronary insufficiency. In general, 
however, correlation apparently did not 
exist between attacks of intermittent in- 
sufficiency and exertion or any specific ac- 
tivities. 

A total of 100 (80%) of the 124 patients 
with a clinical diagnosis of thrombosis within 
the vertebral-basilar arterial system had ex- 
perienced known episodes of intermittent 
insufficiency prior to the thrombosis. Of the 
24 patients without such a history, 6 had 
thrombosis after general anesthesia, 2 were 
treated with anticoagulants after their first 
attacks and had no subsequent difficulty, 
and 1 was a 38-year-old man with a pheo- 
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chromocytoma. Eleven of the other patients 
who had no premonitory episodes had severe 
neurologic disturbances: Four of these 11 
noted sudden onset of bilateral homonymous 
hemianopsia, three had persistent ataxia and 
diplopia in association with internuclear 
ophthalmoplegia, and four died shortly after 
their admission to the hospital. Three pa- 
tients who had single thrombotic episodes 
recovered uneventfully without the benefit 
of anticoagulant therapy and had no known 
episodes of intermittent insufficiency. A 72- 
year-old patient who was not treated with 
anticoagulants deteriorated slowly without 
the occurrence of any specific episodes of 
insufficiency. 


Ocular Abnormalities 


Some ocular abnormality was present in 
144 (79%) of the patients in this study. 
It is possible that this figure is dispropor- 
tionately high. The majority of the diag- 
noses were made clinically, without necropsy 
verification, and the presence of ocular 
findings was sometimes a deciding factor in 
establishing the diagnosis. A patient without 
ocular findings was more likely to receive a 
tentative diagnosis and thus be excluded 
from this study. 

Visual loss was the only complaint of 12 
of the patients; 9 of these had bilateral 
homonymous hemianopsia, and 2 had uni- 
lateral homonymous hemianopsia. A total 
of 43 other patients included some visual 
disturbance as one of their chief complaints. 
In this last group, 14 were found to have 
bilateral homonymous hemianopsia and 8 
had unilateral homonymous hemianopsia. 

Blurred vision involving the entire visual 
field of both eyes was the commonest ocular 
symptom, occurring in 73 (40%) of the 
183 patients. Of the 59 patients with inter- 
mittent insufficiency, 27 (46%) had epi- 
sodes of blurred vision and 10 (17%) 
complained of transient homonymous hemi- 
anopic visual-field defects. A few of the 
patients with histories of intermittent epi- 
sodes of blurred vision also had some tran- 
sient periods of total blindness. Longer 
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periods of blindness were noted by five 
patients. 

Diplopia was a complaint of 13 of the 
patients with intermittent insufficiency and 
of 37 of the patients with thrombosis. 
Twelve of these latter thirty-seven patients 
had the diplopia as a result of internuclear 
ophthalmoplegia; in three instances, the 
diplopia was associated with paresis of 
conjugate gaze; two patients had skew de- 
viations, and one had palsy of the sixth 
cranial nerve as the cause of diplopia; the 
exact cause of the diplopia in the remaining 
nineteen patients was not readily apparent. 

Nystagmus was noted in 13 of the 124 
patients with thrombosis, not including 
those patients with internuclear ophthalmo- 
plegia. Five patients in the group of fifty- 
nine with intermittent insufficiency had 
nystagmus. 

Internuclear ophthalmoplegia was found 
in 15 patients. Six of these fifteen patients 
also had bilateral homonymous hemianopsia. 
One had complete right homonymous hemi- 
anopsia, one had incomplete homonymous 
hemianopsia, and one had right homony- 
mous hemianopic scotomas. Six of these 
fifteen patients had clear-cut unilateral inter- 
nuclear ophthalmoplegia, and three had typi- 
cal bilateral internuclear ophthalmoplegia. 
One other patient had paresis of the left 
lateral rectus muscle as well as right internu- 
clear ophthalmoplegia. One had _ bilateral 
paresis of conjugate gaze in addition to left 
internuclear ophthalmoplegia. The remaining 
four patients had paresis of conjugate gaze 
to one side with internuclear ophthalmo- 
plegia on the other. Nearly all of these 
patients complained of diplopia and ataxia. 

Paresis of lateral conjugate gaze was 
present in 10 patients who were not thought 
to have internuclear ophthalmoplegia. One 
of these patients also had limitation of 
vertical conjugate gaze. Conjugate deviation 
of the eyes to the left was noted in two 
patients. The oculorotary findings often 
varied from day to day and, in some in- 
stances, from hour to hour. 

Mention of pupillary abnormalities sel- 
dom, was made in the records reviewed for 
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Ocular Findings in Occlusive Disease of the 
Vertebral-Basilar Arterial System 


No. 
Patients with ocular symptoms and signs __ 144 
Episodes of blurred 
- 
Bilateral homonymous hemianopsia___- 
Unilateral homonymous hemianopsia._..__.____. 21 
Nystagmus (without internuclear ophthalmople- 

Transient homonymous hemianopsia__._________- 15 
Internuclear 15 
Paresis of conjugate gaze-.._................._... 10 


this study. Anisocoria occasionally was 
noted, and one patient was thought to have 
Horner’s syndrome. 

Ptosis was noted in eight patients. Dis- 
tortion of vision was reported by eight 
patients; this was most commonly in the 
form of scintillating scotomas. The ocular 
abnormalities are summarized in the accom- 
panying table. 


Report of Cases 


Six cases have been selected to illustrate 
some of the characteristic ocular findings 
that may occur in occlusive disease of the 
vertebral-basilar system. 

Case 1.—A 63-year-old minister was ad- 
mitted to the hospital in July, 1955. Four 
days prior to admission, he became dysar- 
thric during church school. He had a short 
episode of confusion later that morning and 
unintentionally repeated part of his sermon. 
He had several more periods of confusion 
during the next three days. One day prior 
to admission, he had a five-minute episode 
of left hemiparesis, followed on the day of 
admission by persistent confusion, dysar- 
thria, dysphagia, and difficulty with vision. 

Examination revealed a blood pressure of 
180 mm. of mercury systolic and 90 mm. 
diastolic. The patient was confused, dis- 
oriented, and moderately dysarthric. Babin- 
ski’s sign was present on the right, and 
bilateral homonymous field defects were 
found (Fig. 1). A diagnosis of basilar- 
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Fig. i (Case 1).—Bilateral 
homonymous hemianopsia in a 
patient who had a typical his- 
tory of thrombosis of the 
vertebral-basilar arterial system. 


artery thrombosis was made by the neurolo- 
gists, and anticoagulant therapy was started. 
Some mental clearing occurred during the 
first week of hospitalization, but bilateral 
strongly positive Babinski’s signs subse- 
quently developed; he became nonresponsive 
and died after 18 days of hospitalization. 
The prothrombin time had been kept con- 
sistently within the therapeutic range. 
Necropsy revealed pronounced cerebral 
arteriosclerosis, with thrombosis of both the 
right vertebral and the basilar artery. The 
posterior communicating arteries could not 
be demonstrated. Recent infarcts were 
present in one temporal lobe and both occip- 
ital lobes, as well as in the pons, cerebellum, 
and basal nuclei. Old infarcts were found 
in the basal nuclei and the frontal lobes. 
Case 2.—A 65-year-old man came to the 
Mayo Clinic in February, 1957, because of 
transient dizzy spells of four months’ dura- 
tion. The dizziness usually lasted several 
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minutes and apparently was unrelated to 
activity. Three weeks before he came to 
the clinic, blurred vision first developed. 
Two weeks later, he began to have spells 
of confusion and loss of memory. 

While being examined in the Section of 
Ophthalmology at the clinic, he had an epi- 
sode of severe dizziness, nausea, and vomit- 
ing. He had noted a short episode of 
dysarthria earlier in the day. The perimetric 
fields demonstrated bilateral homonymous 
hemianopsia (Fig. 2). A diagnosis of inter- 
mittent insufficiency and thrombosis within 
the vertebral-basilar arterial system was sus- 
pected by an ophthalmologist, and the pa- 
tient was admitted to the hospital for 
neurologic evaluation, which revealed only 
slight bilateral ataxia. Long-term anticoagu- 
lant therapy was started. Further episodes 
of dysarthria or dizziness did not occur. 

The patient was dismissed from the hos- 
pital two weeks after his initial registration. 
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Reexamination four months later revealed 
no significant changes in the size of the 
small isle of remaining vision. 

Case 3.—A 60-year-old woman was ad- 
mitted to the hospital in December, 1955, 
complaining of episodes of poor vision, 
numbness, and mental confusion. These 
attacks lasted from several minutes to an 
hour and had been present for three days. 
The tingling sensation involved the upper 
lip, tongue, hands, wrists, and feet and 
affected the right side of the body more 
often than the left. Occasionally, in associa- 
tion with nausea and loss of balance, she 
thought her eyes were “jumping.” She also 
had spells of “shimmering” vision and saw 
flashes of light, described as checkerboards, 
Venetian blinds, and large colored balls. 
She was known to have hypertension and 
diabetes mellitus. 

Examination revealed a blood pressure of 
210/110, mild ataxia, mildly hyperactive 
right deep tendon reflexes and _ bilateral 
Babinski’s signs. Bilateral homonymous 
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Fig. 2 (Case 2).—Bilateral 
homonymous hemianopsia with 
a small residual central isle of 
vision in a 65-year-old man who 
had numerous episodes of basi- 
lar-artery insufficiency. 


hemianopic scotomas were present, although 
the visual acuity was 20/20 and 14/21 in 
each eye (Fig. 3). 

A diagnosis was made of intermittent 
insufficiency and thrombosis within the ver- 
tebral-basilar system. Bishydroxycoumarin 
(Dicumarol) therapy was started. The at- 
tacks stopped when the prothrombin time 
was maintained between 30 and 40 seconds 
(normal, 18 to 20 seconds). She was dis- 
missed after 19 days but returned almost 
immediately because of recurrence of the 
transient spells of numbness of the face and 
both hands, confusion, slurred speech, dizzi- 
ness, and shimmering vision. The prothrom- 
bin time was 21 seconds. The attacks again 
were controlled when larger doses of bishy- 
droxycoumarin were administered and the 
prothrombin time reached the therapeutic 
range. Examination of the visual fields after 
five weeks of treatment revealed a slight 
decrease in the size of the scotomas. 

Case 4.—A 52-year-old steam engineer 
came to the clinic in December, 1953. Dur- 
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Fig. 3 (Case 3).—Bilateral 
homonymous hemianopic sco- 
tomas in a 60-year-old hyper- 
tensive diabetic woman with a 
three-day history of intermittent 
insufficiency within the verte- 
bral-basilar arterial system. 
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Fig. 4 (Case 4).—Bilateral 
homonymous hemianopic field 
defects in a 52-year-old man 
whose intermittent insufficiency 
and thrombosis within the verte- 
bral-basilar arterial system were 
associated with polycythemia, 
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ing the preceding two months he had noted 
many episodes of prickling and numbness 
of the right side of the mouth and the left 
arm and leg. These attacks lasted two to 
three minutes and occurred as frequently 
as five times a day. Left homonymous 
hemianopsia had developed five weeks prior 
to registration, and for two weeks he had 
noted occasional nausea. Clumsiness and 
slight weakness of the right arm and leg 
had been present for four days. 

Examination revealed bilateral homony- 
mous hemianopsia (Fig. 4). Hyperactive 
knee and ankle jerks were present on the 
right. The erythrocyte count was 5,470,000 
cells per cubic millimeter of blood, and the 
volume of packed cells (hematocrit) was 
54%. His symptoms abated after phlebot- 
omy, and he was dismissed to the care of 
his home physician. 

The patient returned 18 months later, at 
which time he complained of recurrent epi- 
sodes of transient diplopia and loss of 
balance, both of one year’s duration. The 
diplopia had been present two or three times 
weekly, each episode lasting about five min- 
utes. Transient episodes of tingling and 
numbness about the mouth and of the left 
arm and leg had been present for more 
than 18 months. His home physician had 
done repeated phlebotomies in an effort to 
keep the value for hemoglobin less than 16 
gm. per 100 ml. of blood. Examination 
revealed left homonymous hemianopsia and 
mild weakness and incoordination on the 
right side. Results of hematologic studies 
were within normal limits. A diagnosis was 
made of intermittent insufficiency and 
thrombosis within the vertebral-basilar sys- 
tem, and long-term bishydroxycoumarin 
therapy was started. 

The patient returned to the clinic after 
six months of anticoagulant therapy. Diplo- 
pia and perioral tingling had been noted 
only once during that period. Episodes of 
transient weakness had not occurred. Neu- 
rologic examination disclosed only slight 
ataxia. Examination of the visual fields, 
however, showed crescentic right homony- 
mous hemianopic scotomas in addition to 
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left homonymous hemianopsia, indicating 
involvement of the left as well as the right 
optic radiations. The patient was advised 
to continue the long-term anticoagulant ther- 
apy and to have his home physician control 
the polycythemia with phlebotomies. 

Case 5.—An obese 54-year-old man came 
to the clinic in April, 1956, because of a 
single episode of dizziness, sweating, and 
blurred vision that had lasted for about one 
hour. The patient was extremely apprehen- 
sive. The blood pressure was 172/100. He 
was given antihypertensive therapy and in- 
structions for losing weight. 

One month later, he was admitted to the 
hospital because of visual blurring, slurred 
speech, dysphagia, difficulty in using the 
right side of the body, and a staggering gait, 
all of two weeks’ duration. Examination 
revealed incomplete right homonymous hem- 
ianopsia, complete paralysis of upward gaze, 
nystagmus on downward gaze, excessive 
convergence for near vision, poor pupillary 
response to light, dysarthria, moderate eu- 
phoria, moderate ataxia, and mild right 
hemiparesis. A diagnosis was made of 
thrombosis within the vertebral-basilar sys- 
tem, and long-term anticoagulant therapy 
was started immediately. Left lateral rectus 
palsy developed four days later. The pa- 
tient improved slowly and was dismissed 
after 19 days of hospitalization, at which 
time the excessive convergence, slight ataxia, 
dysarthria, and weakness of the right arm 
were still present. 

When reexamined five weeks later, the 
patient apparently had improved except 
for the development of bilateral homony- 
mous field defects (Fig. 5), which improved 
slightly during the following two months. 
Ocular movements had returned to normal. 
Examination six months after the initial 
hospitalization revealed significant improve- 
ment in the patient’s ability to think and 
reason. The prothrombin time had been 
maintained at about 35 seconds. 

Case 6.—A 56-year-old linotype operator 
had bilateral inguinal hernias repaired sur- 
gically in October, 1956. The blood pressure 
remained above 110/65 during operation 
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Fig. 5 (Case 5).—Bilateral 
homonymous hemianopsia in an 
obese hypertensive 54-year-old 
man who had a single pre- 
monitory episode of intermittent 
insufficiency within the verte- 
bral-basilar system about two 
weeks prior to the onset of 
permanent field defects. 
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Fig. 6 (Case 6).—Bilateral 
homonymous hemianopic field 
defects in a 56-year-old man 
who had thrombosis within the 
vertebral-basilar arterial system 
after surgical repair of bilateral 
inguinal hernias. 
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‘and the immediate postoperative period. 

Five days after operation transient blurring 
of vision was present for about 30 minutes. 
The following day the patient complained 
that he could not see to one side, and the 
next morning he became unconscious for 
several minutes. The blood pressure was nor- 
mal, While regaining consciousness, he 
vomited. Blurred vision was the only com- 
plaint 30 minutes after the onset of the 
episode. 

Examination revealed drowsiness, slurred 
speech, slight right facial weakness, down- 
ward-beating nystagmus on gaze to either 
side, moderate weakness of both downward 
gaze and (later) conjugate gaze to the right, 
and bilateral homonymous hemianopsia 
(Fig. 6). 

A diagnosis of thrombosis in the verte- 
bral-basilar system was made, and antico- 
agulant therapy was started. The patient 
was dismissed from the hospital after 10 
days of this treatment. Visual fields plotted 
three weeks later showed no significant 
change. Four months later, bilateral ho- 
monymous hemianopsia, slight spastic right 
hemiparesis, and slight difficulty with coor- 
dination of the right extremities were still 
present, but the patient was working full 
time. He was still taking bishydroxycou- 
marin. 


Comment 


Early diagnosis of occlusive disease of 
the vertebral-basilar arterial system often 
depends on the recognition of associated 
ocular signs. 

Premonitory episodes of intermittent in- 
sufficiency were present in 80% of the 
patients with clinical evidence of thrombosis 
within the vertebral-basilar system. Thus, 
early diagnosis is of importance in the insti- 
tution of therapy in selected cases in an 
attempt to prevent permanent neurologic 
damage. 

The development of bilateral homony- 
mous field defects and the presence of signs 
of a lesion in the brain stem, such as inter- 
nuclear ophthalmoplegia, appear to be diag- 
nostic of basilar-artery occlusion. Nearly 
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half of the 15 patients with internuclear 
ophthalmoplegia also had bilateral homony- 
mous field defects; approximately one-third 
of the 26 patients with bilateral homony- 
mous hemianopsia had associated internu- 
clear ophthalmoplegia. 

The evaluation of anticoagulant therapy 
is beyond the scope of this study; it has 
been presented in other communica- 
However, anticoagulant drugs 
controlled the attacks of intermittent insuffi- 
ciency in nearly every case in which they 
were used. A number of patients who had 
severe occlusive disease responded extremely 
favorably to these drugs. Anticoagulant 
therapy apparently was effective in checking 
further progression of the occlusive proc- 
esses and in preventing further episodes of 
cerebrovascular insufficiency or thrombosis, 
but it was not effective in restoring neuro- 
logic function that already had been lost. 


Summary 


A study with particular reference to 
ocular signs and symptoms was made on 
183 patients with occlusive disease of the 
vertebral-basilar arterial system seen at the 
Mayo Clinic during a four-year period. 
Ocular abnormalities were present in 144 
(79%) of this group. Transient episodes of 
blurred vision were noted by 73 (40%) 
of the patients. Bilateral homonymous hem- 
ianopsia was found in 26 patients and uni- 
lateral homonymous hemianopsia in 21 
others. Diplopia was present in 50 (27%) 
of the patients. Internuclear ophthalmo- 
plegia was present in 15 patients, in 6 of 
whom it was unilateral; 6 of these 15 pa- 
tients also had bilateral homonymous hemi- 
anopsia. Nystagmus was noted in 18 
patients, not including those with internu- 
clear ophthalmoplegia. Ten patients had 
paresis of conjugate gaze unaccompanied 
by internuclear ophthalmoplegia. 

Six cases are reported to illustrate some 
of the characteristic findings. 


It is important that ophthalmologists be 
familiar with the symptoms and signs of 
intermittent insufficiency and thrombosis 
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OCULAR MANIFESTATIONS OF OCCLUSIVE DISEASE 


within the vertebral-basilar arterial system 
in order to recognize them as a warning 
threat not only to vision but to life itself. 


Mayo Clinic. 
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Fixation Pick and Scleral Depressor for Use in 
Operations of Retinal Detachment 


A, URRETS-ZAVALIA Jr., M.D., Cérdoba, Argentina 


In cases of separation of the retina where 
this membrane is considerably elevated, a 
correct estimate of the accuracy with which 
surface diathermy is applied may prove very 
difficult, for no mark will then show in the 
fundus. As failure to achieve a permanent 
sealing of the existing breaks—either by 
means of coagulation alone or with the aid 
of a scleral buckling—could then follow, 
the importance of proper detection and 
localization of the affected areas cannot be 
overemphasized. 

Transillumination of the eye with a 
special electrode has been advocated by 
Strampelli* as a valuable addition to 
ordinary ophthalmoscopic control. The 
glowing tip of the instrument is moved on 
the sclera until a small clear spot is seen 
to reach the retinal tear; current is then 
turned on, whereby a brown-gray pilot 
mark will be left at precisely the right 
place. A similar instrument has been used 
by Amendabar,! in conjunction with a 
bipronged scleral hook which serves to fixate 
the luminous end of the locator when the 
tear is transilluminated, and leaves a small 
indentation on the sclera. Schepens and 
co-workers,’ in turn, recommend that a ball 
electrode be pressed on the sclera while one 
examines the fundus, until the rounded 
elevation of the choroid thus produced is 
seen to coincide with the break; the current 
is then switched on and a mark left on 
the scleral surface. 

As, however, the globe must be rotated 
along the meridian which passes through the 
tear, toward the latter and away from the 
observer’s eye, so that the tear becomes 

Submitted for publication Nov. 5, 1958. 
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readily visible with the ophthalmoscope 
(upward, for instance, in the case of a 
peripheral tear located at 12 o'clock, while 
the beam of the ophthalmoscope is directed 
at the fundus from below, at 6 o'clock), 
one will find that the area to be transil- 
luminated or depressed is ordinarily more 


J ALL DIMENSIONS IN MILLIMETERS 


Fixation pick, scleral depressor, aad marker for 
use in retinal detachment surgery. Adequate rota- 
tion of globe and precise location of tears may 
be achieved in cases where the retina is ballooned 
and too far removed from the choroid to be af- 
fected by surface diathermy. 
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or less hidden from view. The tip of the 
compressing instrument may, and usually 
does, slip over the smooth scleral surface as 
soon as the rotation is reversed in order 
to expose the affected area, the exact posi- 
tion of which will thus be difficult to 
establish with absolute certainty. Since, 
besides, the sclera cannot be kept dry in 
such places as are concealed under the 
conjunctiva and Tenon’s capsule, a neat 
coagulation mark may not always be pro- 
duced by an electrode used as depressor 
(Lindner ?). 

A special instrument consisting of a 
slender steel shaft bent at right angles 
near its extremity, which bears a short and 
not very sharp point in the center of the 
terminal platform (Figure), has been em- 
ployed to advantage as a scleral depressor, 
fixation pick, and marker,* The appropriate 
rotation of the eyeball is easily produced 
by means of the tiny point; this takes a 
firm hold on the sclera and obviates the 


*Made by Messrs. Lutz, Ferrando & Cia, 
Cérdoba, Argentina, by the Storz Instrument Co., 
St. Louis, and by “Moria,” Instruments d’Ophtal- 
mologie, Paris. 
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need for a fixation forceps. In addition, 
it leaves a clearly recognizable, small in- 
dentation at the exact site where the coats 
of the eye have been depressed. The handle 
has been made shorter than in most oph- 
thalmic instruments (75 mm. instead of 
the usual 90-100 mm.), in order that 
less interference may be encountered when 
a direct ophthalmoscope is used. The 
dimensions of the bent part of the shaft are 
such that sufficient depression of the sclera 
over a limited area may be accomplished 
with only light pressure. 

Casilla de Correo 301. 
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Neuropathology of the Trabeculum in Open-Angle 
Glaucoma 


J. REIMER WOLTER, M.D., Ann Arbor, Mich. 


This paper demonstrates the neuropathol- 
ogy of the trabeculum iu both eyes of a 
case of “primary” open-angle glaucoma, For 
this study it was not only necessary to ob- 
tain the eyes of a clinically well-studied case 
of open-angle glaucoma that had had no 
surgery, I also needed the combination of 
a great amount of luck and some experience 
to get a complete and uniform stain of the 
delicate nerve fibers in the trabeculum of 
the anterior chamber. 


Clinical History 


A 78-year-old white man died on June 
13, 1956, at this University Hospital with 
the diagnosis of adenocarcinoma of the 
rectum. He first came to this eye clinic on 
July 22, 1944, and was seen and followed as 
a patient of Dr. Harold F. Falls. At the 
first examination, his intraocular pressure 
was found to be O. D., 35 and O. S., 40 
mm. Hg Schiotz and his vision was O. D., 
6/6; O. S., 6/6. The visual fields were 
normal. The diagnosis of “chronic non- 
inflammatory” glaucoma was made. The 
patient was treated with pilocarpine eye 
drops 2% gtt. 1 q. i. d. O. U. His pressure 
for years was well controlled with this 
medication, and he was seen and checked at 
two-month intervals. No loss of vision or 
fields was observed. 

An increase in the intraocular pressure 
was observed on May 9, 1950. His vision 
at that time was O. D., 6/6 and O. S., 
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6/6—1. The visual fields were still normal. 

The medication was then increased to pilo- 

carpine 2% five times daily, and 24-hour 

tension studies were done on May 18, 1950: 
Mm. Hg 


Time 

2:00 p. m. 

4:00 p. m. 

8:00 p. m. 

Midnight 

6:35 a. m. 

9:00 a. m. 32 

The 24-hour tension studies were repeated 
on Feb. 13, 1951, with a similar result, and 
a drinking water test was done at the same 
time (1,000 cc. of water at 6:30 a. m.): 
Mm. Hg 


.D. 

29 

32 

32 

43 37 

These tests confirmed the diagnosis of 

open-angle glaucoma. The patient was not 
very well controlled through 1952 and 1953. 
However, no eye surgery was done because 
the patient had been found to have a carci- 
noma of the rectum. He had abdominal 
surgery at different times and was in poor 
general health. His vision in 1953 was about 
O. U., 6/9, and his visual fields showed 
some peripheral loss and enlarged blind 
spots. The patient was seen for the last time 
before his death on Feb. 22, 1956. His 
vision then was O. D., 6/25 and O. S., 6/12. 
His intraocular pressure was O. U., 27 mm. 
Hg. The patient died on June 13, 1956, 
of metastasizing adenocarcinoma of the rec- 
tum. Both eyes were given injections after 
death with ammonium bromide formalin 
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(Cajal solution) and obtained for histo- 
logical study at postmortem examination. 


Method of Histological Examination 


Half of both eyes were imbedded in 
paraffin, cut in serial sections, and stained 
with hematoxylin and eosin. Of the other 
halves, the areas with the anterior chamber 
filtration angle were isolated. Tangential 
sections * of the filtration angle were made 
on the freezing microtome. The methods 
with double impregnation and without re- 
duction and the threefold method of del Rio 
Hortega* were used to stain these frozen 
sections. 

All the illustrations of this paper are un- 
retouched photomicrographs. 


Histological Findings 


Macroscopically both eyes were of normal 
size and shape. The anterior chambers were 
of normal depth, and the lenses were in their 
normal location. The pupils were miotic. 
The posterior part of the vitreous was 
liquified in both eyes, and a ring-shaped 
formation of abnormally dense vitreous was 
found attached to the peripheral retina and 
the posterior part of the ciliary body. 

The microscopic pathology of both eyes 
of this patient was very similar, and it is 
therefore possible to discuss the histological 
findings in both eyes at the same time. The 
corneal epithelium was continuous but 
showed a somewhat irregular surface. Bow- 
man’s membrane, the corneal stroma, 
Descemet’s membrane, and the corneal endo- 
thelium were normal in structure and thick- 
ness. The anterior chamber was of about 
normal depth, and the filtration angle was 
open. The results of the special stains in 
this area will be discussed later in the paper. 
Hematoxylin and eosin stains showed the 
trabeculum to be of rather dense structure 
and to contain pigment granules. Schlemm’s 
canal was visible, but it seemed to contain 
very numerous cellular nuclei. The iris was 
normal, The ciliary body showed some 
fibrosis of its stroma and the ciliary proc- 
esses. The ciliary processes also showed 
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hyalinization in some of the fibrotic areas. 
The peripheral retina showed advanced 
cystoid degeneration in those areas to which 
the dense ring-shaped remnants of the an- 
terior vitreous were attached. The central 
and intermediate retina showed a distinct 
atrophy of the nerve fiber layer with diffuse 
and local swelling and interruption of nerve 
fibers. There was also a distinct decrease 
of the number of ganglion cells of the 
ganglion-cell layer. All inner layers of the 
retina showed hypertrophy and proliferation 
of their glia (gliosis). The outer layers of 
the retina showed only slight atrophy. No 
glaucomatous cupping of the optic discs was 
found. However, both optic nerves were 
somewhat atrophic and many hyaline 
bodies *** were found in the atrophic nerve 
fiber bundles in front of and behind the 
lamina cribrosa. The choroid was small and 
atrophic; the sclera was normal. 

The histological studies of the areas of 
the filtration angles in the two eyes with 
use of the silver carbonate techniques 
allowed for a number of interesting 
findings. Again, it must be emphasized that 
these findings were virtually the same in the 
two eyes and that they are therefore dis- 
cussed at the same time. 


The angles were wide open, and the 
trabeculum as a whole was of normal shape 
and size in both eyes. The structure of the 
trabeculum, however, was definitely abnor- 
mal. The trabeculae were much coarser than 
normal, and the trabecular spaces were very 
small (Figs. 1, 2, and 10). Furthermore 
there was a tremendous increase of the num- 
ber of endothelial cells of the trabeculum as 
well as Schlemm’s canal. This was most 
marked in the scleral part of the trabeculum 
(Figs. 1, 2, and 10) and in the canal of 
Schlemm (Figs. 1, 2, and 11). Only slight 
or no proliferation of the trabecular endo- 
thelium was found in the uveal part of the 
trabeculum. The combination of an increase 
of the thickness of the single trabeculae and 
of the proliferation of the trabecular endo- 
thelium had resulted in a very dense struc- 
ture of the trabeculum of both eyes (Figs. 
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Fig. 1.—Filtration an- 
gle of the right eye in a 
tangential section. (a) The 
uveal part of the tra- 
beculum; the dense 
scleral part of the tra- 
beculum; (c) canal of 
Schlemm; (d) the sclera, 
and (e) the root of the 
iris. Frozen section, Hor- 
tega method. 


Fig. 3. — A_ normal- 
appearing nerve fiber (a) 
of the uveal part of the 
trabeculum. The loose 
meshwork of the uveal 
trabeculum (c) is visible. 
(b) Terminal swelling of 
an interrupted and de- 
generated nerve fiber; 
(d) local swelling of a 
continuous nerve fiber in 
the trabeculum. Frozen 
section, Hortega method. 


Fig. 2.—Filtration an- 
gle of the left eye in a 
tangential section. (a) 
The uveal part of the 
trabeculum; (b) the dense 
scleral part of the tra- 
beculum; (c) Schlemm’s 
canal filled with endothe- 
lial nuclei; (d) the sclera, 
and (¢) the root of the 
iris. Frozen section, Hor- 
tega method. 
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Fig. 5.—Nerve fibers of the trabecu- 
lum one of which (a) shows advanced 
local swelling and disintegration. The 
other (b) is generally swollen. Frozen 
section, Hortega method. 


Fig. 4—Numerous nerve fibers in 
the trabeculum. (a) Nerve fibers with 
interruptions and an irregular caliber ; 
(b) swollen nerve fiber; (c) advanced 
swelling of continuous nerve fiber. 
Frozen section, Hortega method. 
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Fig. 6.—Nerve fibers in the tra- 
beculum, some of which (a) appear 
about normal. One fiber has become 
interrupted and shows an advanced 
bulb-like swelling (b). Frozen section, 
Hortega method. 


Fig. 7—Degenerated nerve fibers in 
the trabeculum. One fiber (a) has 
become interrupted and forms a bi- 
zarre terminal swelling. The large 
body of swollen nerve substance (b) 
is all that remained of another nerve 
fiber. Frozen section, Hortega method. 
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1 and 2). The normal meshwork-like arch- 
itecture of the trabeculum was virtually lost. 
This was most advanced in the deep scleral 
parts of the trabeculum, while the uveal part 
of the trabeculum still showed its normal 
meshwork-like arrangement (Figs. 1 and 2). 

Nerve fibers could be demonstrated in all 
parts of the trabeculum of both eyes. Fig- 
ure 3 shows a good example of such a nerve 
fiber in the loose uveal part of the trabecu- 
lum of the right eye. On the picture the 
fiber appears to run free through the inter- 
trabecular space. It must be pointed out, 
however, that it actually runs within the 


Fig. 9. — Swollen de- 
generated nerve fibers 
with large terminal for- 
mations at the site of 
their interruption (a) 
and large bizarre bodies 
of nerve fiber substance 
(b) in the trabeculum. 
Frozen section, Hortega 
method. 
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Fig. 8.—Large forma- 
tions of the substance of 
degenerated nerve fibers 
(a), swollen interrupted 
nerve fibers (b), and 
normal appearing nerve 
fibers (c) in the tra- 
beculum. Frozen section, 
Hortega method. 


protoplasm of endothelial cells which in this 
instance bridge the trabecular space. The 
endothelium remained virtually unstained in 
this slide. Such normal-appearing nerve 
fibers were seen all through the trabeculum. 
However, most of the nerve fibers in the 
trabeculum of both eyes showed very ad- 
vanced pathology. Figures 4 to 10 show 
different types and stages of the nerve fiber 
pathology found in the trabeculum of the 
two eyes of this patient. Figure 4 shows 
a number of fine nerve fibers in the trabec- 
ulum. One of these fibers shows fragmenta- 
tion; another one shows a local swelling of 
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Fig. 10.—The scleral part of the 
trabecu'um shows small intertrabecular 
spaces (a) and thickened trabeculae 
(b). The nuclei of the proliferated 
endothelium are not very clearly vis- 
ible in this picture. Frozen section, 
Hortega method. 


Fig. 11. — Proliferated endothelial 
cells in the canal of Schlemm. Pig- 
ment granules are seen among the 
cells and are often found within the 
endothelial protoplasm. Frozen sec- 
tion, Hortega method. 


3 
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the neurite. Three other fibers in Figure 4 
exhibit different stages of swelling. Figure 5 
demonstrates a more advanced local swelling 
of a nerve fiber in the trabeculum. Inter- 
ruption, fragmentation, and very advanced 
bulb-like swelling of a nerve fiber are seen 
in Figure 6. Figures 7 and 8 show large 
bizarre bodies of swollen nerve substance 
which developed from interrupted and de- 
generated neurites of the trabeculum. These 
bodies had remained in the trabeculum after 
the interconnecting nerve fibers had already 
become completely atrophic. The most ad- 
vanced stage of nerve fiber swelling and 
degeneration found in the trabeculum of this 
case is seen in Figure 9. Large formations 
of swollen nerve substance were all that had 
remained of the delicate nerves which are 
normally found in the trabecular meshwork. 
The fact that all the nerve fibers of the 
trabeculum of both eyes of this case were 
swollen made it possible to stain and vis- 


Fig. 12.—The nerve fibers of the 
ciliary plexus. These fibers appear 
normal, and many nuclei of Schwann 
cells are seen among them. Frozen 
section, Hortega method. 


A, M, A. ARCHIVES OF OPHTHALMOLOGY 


ualize all the nervous structures of the 
trabeculum in this case much better than that 
is normally possible. With all these nerve 
fibers stained and swollen I was very much 
impressed by the richness of nerve supply 
of the trabeculum. 

Figure 10 shows that the increased density 
of the architecture of the scleral part of the 
trabeculum in these two eyes which was 
described above had resulted in an advanced 
narrowing of the intertrabecular spaces. This 
was caused in part by the increased thick- 
ness of the trabeculae themselves. However, 
there also was a definite proliferation of the 
endothelial cells of this area which added to 
the increase of the tissue mass (Fig. 10). 
The proliferation of the endothelial cells 
was even more extensive in the canal of 
Schlemm. The latter appeared virtually 
filled with endothelial cells (Fig. 11). The 
endothelium of these areas was not normal 
in shape and arrangement. The cells ap- 
peared rounded and not very well attached 
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Fig. 13.—A normal appearing nerve 
bundle and normal nerve fibers in the 
ciliary muscle. The nuclei of the cili- 
ary muscle fibers are well visible. 
Frozen section, Hortega method. 


Fig. 14—Fibrosis of the ciliary 
muscle. The nuclei of the ciliary 
muscle cells are seen between the bun- 
dies of fibrotic tissue, which are darkly 
stained in this section. Frozen section, 
Hortega method. 
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to the trabecular framework. The connective 
tissue fiber bundles of the trabeculae were 
continuous and regular and showed no frag- 
mentation. 
It is important to emphasize that the 


Fig. 16—Ciliary proc- 
esses with fibrosis and 
hyalinization of their 
stroma (a). The layers 
of the ciliary epithelium 
are seen in the upper part 
of the picture. Frozen 
section, Hortega method. 


Fig. 15——Nerve bundles and nerve 
fibers (a) between fibrotic areas (b) 
of the ciliary body. Frozen section, 
Hortega method. 


eyes of this case was limited to the trabec- 
ulum. The ciliary plexus (Fig. 12) and the 
nerve fibers of the ciliary body (Fig. 13) 
were normal. The nerve fibers of the ciliary 
body were well stained in their course 
through the ciliary plexus and in their 
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Fig. 17.—Area of dense 
fibrosis and hyalinization 
in the stroma of the cili- 
ary processes (a). Frozen 
section, Hortega method. 


branchings and endings at the nonstriated 
muscle fibers of the ciliary body and in the 
ciliary processes. There was, however, very 
extensive fibrosis of the ciliary muscle and 
the ciliary processes. Figure 14 shows a 
longitudinal section through the ciliary body 
of the right eye. All the dark-stained tissue 


represents dense bundles of connective tissue 
which has replaced atrophic smooth muscle 
fibers. The nuclei of the remaining muscle 
fibers are seen in the picture between the 
dark-stained fibrotic areas. The nerve bun- 
dies and fibers of the ciliary body appeared 


normal and undisturbed by this advanced 
fibrosis (Fig. 15). Fibrosis and hyaliniza- 
tion were found in many of the ciliary 
processes (Figs. 16 to 18). The fibrosis 
was in some areas very extensive and 
virtually replaced all the stroma of the 
processes (Figs. 16 and 17). Some proc- 
esses, however, showed only very little 
fibrotic changes and appeared about normal 
(Fig. 18). The blood vessels were well 
preserved in all the ciliary processes, but 
they were mostly completely surrounded by 
dense hyalinized connective tissue (Fig. 18). 


Fig. 18.—Ciliary proc- 
esses which show virtu- 
ally no fibrosis (upper 
part of picture). Some 
fibrosis (a) which sur- 
rounds blood vessels (b) 
is seen in the lower part 
of the picture. Frozen 
section, Hortega method. 
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Comment 


Some of the findings in the trabeculum of 
the present case of open-angle glaucoma are 
a confirmation of the findings which were 
published on this subject by other authors. 
Teng, Paton, and Katzin® reported dif- 
ferent types of degenerative changes in the 
trabeculum in primary open-angle glaucoma. 
These changes were proliferation of the en- 
dothelium, granularity of the collagen and 
degeneration of the elastic fibers of the 
trabeculae, hyalinization of the endothelium, 
and distortion and obstruction of the col- 
lector channels. Of these findings I observed 
in my case the proliferation of the endo- 
thelium which was most advanced in the 
deep parts of the scleral trabeculum and the 
canal of Schlemm. In my case the trabeculae 
showed extensive swelling, but there was 
no granularity or fragmentation of their 
collagen fibrils. In a recent study, Kornz- 
weig, Feldstein, and Schneider® listed the 
following changes as typical findings in the 
trabeculum of cases with primary glaucoma: 
thickening and sclerosis of the trabeculae, 
narrowing or obliteration of the intertra- 
becular spaces, variation in the patency of 
the canal of Schlemm from narrowing and 
partial occlusion to complete occlusion, en- 
dothelial proliferation causing occlusion of 
Schlemm’s canal, and pigment granules and 
cells in varying amounts in the intratrabec- 
ular spaces. My observations are a complete 
confirmation of all these listed changes found 
by Kornzweig, Feldstein, and Schneider.*® 
In addition to the list of trabecular pathol- 
ogy in open-angle glaucoma given by these 
authors, I should like to mention that the 
thickening of the trabeculae and the pro- 
liferation of the endothelium was -in this 
case much more advanced in the scleral part 
of the trabeculum than in the uveal part. 

Zimmerman? has reported that acid mu- 
copolysaccharides are normally found in the 
human trabeculum. He was observed that 
this substance is missing in the trabeculae 
of cases with endothelial atrophy in angle 
closure and other conditions (personal com- 
munication). It would be extremely interest- 
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ing to know whether or not an increase of 
the mucopolysaccharides may be found along 
with the proliferation of the endothelial cells 
in open-angle glaucoma. 

The observation of extensive pathology of 
the nerve fibers of the trabeculum of both 
eyes of this patient with well-documented 
open-angle glaucoma is the outstanding find- 
ing of this study. It is well known from 
the work of Holland, von Sallmann, and 
Collins ** and from my own studies ! that 
the normal human trabeculum is supplied by 
a dense system of delicate nerve fibers. 
These nerve fibers have their origin in the 
ciliary plexus, and their terminal branches 
end in the trabecular endothelium without 
forming special end structures.'°'* The ex- 
tensive pathology of the trabecular nerves 
in the two eyes of the present case are an 
important finding. However, we do not 
know yet what this finding means. The 
nerve changes in this case do not indicate 
whether they are the primary pathology or 
just part of the extensive secondary pathol- 
ogy found in open-angle glaucoma. From 
general neuropathology the type of nerve 
fiber pathology observed in the trabeculum 
of this case is known to occur in cases 
of extremely chronic and slowly progressive 
involvement. Any acute nerve fiber damage 
results in a destruction and total loss of the 
nerve fibers. The bizarre swellings and the 
other chronic changes of the nerve fibers 
in the trabeculum of this case therefore 
indicate that the involvement of the trabec- 
ular nerve fibers in open-angle glaucoma is 
of chronic and slowly progressive nature. 
It must be emphasized that this nerve fiber 
pathology was limited to the trabeculum and 
did not involve the nerves of the ciliary 
body. Much has to be learned about the 
changes of the trabecular nerves in other 
cases of open-angle glaucoma and in other 
conditions involving the trabeculum before 
conclusions can be drawn from the findings 
in the present case. I can state already that 
the cases of secondary angle-closure glau- 
coma which I recently reported showed 
a total atrophy of all trabecular nerves. 
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It is a long-known fact that fibrosis and 
hyalinization of the ciliary body and the 
ciliary processes are usually found in any 
eyes of elderly patients. This fibrosis seems 
generally to be increasing with the age of 
a patient. However, there are exceptions 
to this rule. This fibrosis goes along with 
atrophy of the ciliary muscle and the normal 
stroma. In cases of absolute glaucoma or 
long-standing glaucoma we often find vir- 
tually all the normal stroma replaced by 
hyalinized fibrous tissue. The present case 
showed relatively little fibrosis and hyalini- 
zation of the ciliary muscle and of the 
ciliary processes. There still were many 
ciliary processes virtually without fibrosis 
and with very well-preserved and _ blood- 
filled blood vessels. The significance of the 
fibrotic changes in the ciliary processes in 
relation to the senile or glaucomatous 
changes in the trabeculum is not yet under- 
stood. 

In concluding, I would like to state that 
this study is to be considered a preliminary 
report. Cases of open-angle glaucoma are 
difficult for the eye pathologist to obtain, and 
I hope that this report may stimulate interest 
for research in the same direction by anyone 
who might have the chance to study the eyes 
of similar cases. 


Summary 


The pathology and the neuropathology of 
the trabeculum and the ciliary body of both 
eyes of a clinically well-documented case of 
open-angle glaucoma are demonstrated. As 
far as the changes of the trabeculum and 
the trabecular endothelium are concerned the 
findings of earlier authors could be con- 
firmed. The study of the nerves of the 
trabeculum revealed extensive nerve fiber 


pathology of a very chronic type which is 
considered an important and new finding. 


Department of Ophthalmic Surgery, University 
of Michigan Medical Center. 
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Reports have recently appeared in the 
literature concerning the effectiveness of 
parenterally administered trypsin in the sup- 
pression of inflammation in a variety of 
inflammatory and thrombotic diseases. In- 
nerfield and his associates presented “clinical 
observations based on 6,456 trypsin infu- 
sions to 538 patients supporting the view 
that trypsin rapidly suppresses acute inflam- 
mation of diversified origin (bacterial, viral, 
allergic, and chemical).” ! Specifically men- 
tioned in this study were 12 cases of 
thrombosis of the central retinal vein which 
after trypsin therapy showed subsidence of 
retinal edema in 24 to 48 hours; 5 cases of 
acute iridocyclitis all showed dramatic im- 
provement of symptoms. Hopen,? in a study 
devoted to acute ocular inflammatory and 
thrombotic disturbances, reported impressive 
results in 7 of 11 cases refractory to corti- 
sone and stated, “trypsin initiates bio- 
chemical reactions which result in prompt 
and sustained subsidence of acute inflam- 
mation.” 

Taylor, Overman, and Wright,’ as the 
result of an experimental study, concluded 
that neither large nor small amounts of 
trypsin intravenously have any therapeutic 
effect whatever on artifically induced intra- 
vascular thrombi. These authors did not 
believe that the use of trypsin in man was 
justified. A search of the literature revealed 
no controlled experimental observations on 
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A Comparison of the Influence of Parenteral Trypsin, 
Cortisone, and Heparin on Acute Inflammation 


RONALD M. WOOD, Ph.D., Baltimore, and MALCOLM W. BICK, M.D., Springfield, Mass. 


the effect of systemically administered 
trypsin on acute ocular inflammatory proc- 
esses. 


In order to evaluate trypsin adequately 
we planned to investigate its effect by com- 
paring it with two other substances known to 
have a modifying effect on inflammatory 
processes, namely, heparin* and cortisone.® 
For this purpose, allergic reactions were 
produced in the eyes of albino rabbits. In 
previous experiments this reaction had been 
found a convenient and accurate biological 
method to assay the effect of various thera- 
peutic agents.** Very slight changes in the 
intensity of the reaction are reflected by 
the degree of hyperemia and swelling of the 
iris, by the hyperemia and chemosis of the 
conjunctiva, by cloudiness of the aqueous 
humor, and by exudate in the anterior cham- 
ber. This paper reports the results of such 
a study. 


Materials and Methods 


Thirty-two albino rabbits, each weighing 
approximately 3.0 kg., were sensitized to 
horse serum in the following manner: Each 
animal was given intravenous injections of 
normal horse serum on the first day of 0.1 
ml., on the second day of 0.3 ml., and on 
the third day of 0.5 ml. Five days after the 
last injection each animal was given another 
injection intravenously of 0.2 ml. of normal 
horse serum. Fifteen days after the last 
intravenous injection of horse serum, the 
dermal reactivity of each rabbit was de- 
termined by the intracutaneous injection into 
the shaved skin of the right upper flank of 
0.1 ml. of a 1:10 dilution of horse serum 
in 0.85% soduim chloride solution. This 
injection was performed in each of two 


‘ 
| 
: 
| 


COMPARATIVE INFLUENCE ON ACUTE INFLAMMATION 


sites, 8 cm. apart. The reaction was ob- 
served at the end of 24 hours by measuring 
the diameter of the erythema and induration 
of each site. The average diameter of the 
two sites was determined. Two days later 
the animals were divided into four groups of 
eight animals each. Based on the skin re- 
action, each group contained animals of the 
same degree of hypersensitivity. 

Technique of Anterior Chamber Injection. 

The technique used for the anterior cham- 
ber injection was as follows: the eyes were 
anesthetized topically with 1% tetracaine 
(Pontocaine) solution and proptosed. A 
sterile 27-gauge needle attached to a sterile 
tuberculin syringe was directed obliquely 
through the corneal stroma at the limbus for 
a distance of 3 mm. prior to entering the 
chamber; 0.1 ml. of sterile horse serum in 
the syringe was mixed with the primary 
aqueous by moving the plunger of the 
syringe in and out three times. The needle 
was withdrawn rapidly with 0.1 ml. of fluid 
remaining in the syringe. In this manner the 
initial volume of the anterior chamber was 
not altered. Since the average volume of the 
anterior chamber of the rabbit is 0.25 ml., a 
40% solution of the material injected re- 
mained in the anterior chamber. 

Drug Preparations Employed.—1. Tryp- 
sin: On the basis of reports in the litera- 
ture,? we employed a dose of 10 mg. of 
crystalline trypsin suspended in sesame oil.* 
This material was given in two injections of 
5 mg. each, 12 hours apart. 

2. Cortisone: The dose of cortisone ¢ was 
10 mg. per rabbit, given in two injections of 
5 mg. each, 12 hours apart. This dose had 
been found in previous studies to inhibit 
ocular inflammation.® 

3. Heparin: In a previous study we had 
found that 17 mg. of sodium heparin solu- 
tion per kilogram given intravenously every 
6 hours over a 24-hour period had an in- 
hibitory effect on ocular inflammation. In 


*The trypsin used in this study was supplied 
by the National Drug Company and is marketed 
under the trade name Parenzyme. 

+ The cortisone used in this experiment was sup- 
plied by Merck & Co., Inc. 
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that study the average total dose was 210 
mg. of soluble sodium Heparin per animal. 
In the present experiment Depo-heparin ¢ 
(solution of heparin in gelatin and dextrose) 
was employed, since it had been shown by 
others that heparin used in this form was 
effective in inhibiting inflammation.’ 


Experimental Groups 


Group I (Untreated Controls).—Both 
eyes of each control animal were given in- 
jections of horse serum in the manner de- 
scribed above. 

GrouP II (Trypsin-Treated).—Both eyes 
of each animal were administered injections 
of horse serum in the manner described 
above. Immediately after the anterior cham- 
ber injection, each animal was given an 
injection intramuscularly with 5 mg. of tryp- 
sin suspended in 1.0 ml. of sesame oil. An 
additional injection of 5 mg. of trypsin was 
given 12 hours later. 

Group III (Cortisone-Treated).—Both 
eyes of each animal were administered in- 
jections of horse serum in the manner de- 
scribed above. Immediately after the 
anterior chamber injection, a subcutaneous 
dose of 5 mg. of cortisone was given. An 
additional subcutaneous injection of 5 mg. 
of cortisone was given 12 hours later. 

Group IV (Heparin-Treated).— Both 
eyes of each animal were given injections 
of horse serum in the manner described 
above. Immediately after the anterior cham- 
ber injection, the animals were given injec- 
tions with 200 mg. of Depo-Heparin into 
the muscle of the right thigh. Twelve hours 
later a second injection of 200 mg. of Depo- 
Heparin was given subcutaneously. 


Results 


The eyes of the four groups of animals 
were examined at 4, 8, 12, and 24 hours 
after the anterior chamber injection. The 
observer evaluating the degree of reaction in 
the eyes (M. W. B.) was unaware of the 
drug used in any individual animal at the 
time of the eye examination. Thus the read- 


t The Depo-Heparin was supplied by the Upjohn 
Company. 
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ings were entirely unbiased. The eyes were 
graded by degree of reaction of the con- 
junctiva, anterior chamber, and iris. A 
numerical value was given according to the 
degree of reaction observed. A _ reaction 
was graded 3 if it were severe, 2 if moderate, 
and 1 if mild. The conjunctival reaction 
was graded on the basis of chemosis, hy- 
peremia, and discharge. The anterior cham- 
ber reaction was graded on the basis of 
cloudiness and exudate, and the iris reaction 
was graded on the basis of the amount of 
hyperemia and thickening. A maximal re- 
action would total 9. 

At each period of observation the total 
numerical value of the reaction of the eyes 
of each group of rabbits was determined and 
then divided by the number representing 
the maximal reaction possible for eight rab- 
bits. This figure multiplied by 100 gave the 
per cent maximal reaction possible. The 
results are shown graphically in Figure 1. 

Grour I (Untreated Controls).—A vio- 
lent inflammatory reaction appeared which 
reached its maximum intensity four hours 
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after the anterior chamber injection of horse 
serum. There was a slight reduction in the 
intensity of the reaction at the 24-hour ob- 
servation period. 

Group II (Trypsin-Treated Animals. )— 
The inflammatory reaction in this group was 
essentially the same as in the control group. 
The reaction became severer than that of 
the controls at the eight-hour observation 
period. In all subsequent observations the 
degree of inflammation in this group was as 
severe as that in the control group. 

Group III (Cortisone-Treated Animals). 

The reaction observed at four hours was 
essentially the same as that observed in the 
controls. At the 8-hour period the reaction 
had subsided slightly, and at the 12-hour 
period the inflammation had begun to sub- 
side more rapidly than that seen in the 
control group. This trend was more pro- 
nounced at the end of 24 hours, at which 
time the controls showed 65% of maximal 
reaction possible, while cortisone-treated 
group showed 35% of maximal possible re- 
action. 


PER CENT MAXIMAL REACTION POSSIBLE 
a 


TRYPSIN 
TREATED 7 
CONTROL 

(UNTREATED - 


Fig. 1. — Influence of 
parenteral trypsin, corti- 
sone, and heparin on 
acute ocular inflamma- 
tion. 
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Fig. 2. — Influence of 
parenteral trypsin, corti- 
sone, and heparin on 
acute iritis. 


PER CENT MAXIMAL POSSIBLE IRITIS 


8 12 28 
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Group IV (Heparin-Treated Animals. )— 
The inflammatory response in the heparin- 
ized animals was less than in the other 
groups. The progression of the inflammation 
was delayed, and the maximal reaction was 
less than that observed in the control, tryp- 
sin-treated, or cortisone-treated groups. 


Comparison of Iritis 


The eye reaction charted in Figure 1 
represents an average of the total individual 
readings of the conjunctiva, anterior cham- 
ber, and iris. We examined the severity of 
the iritis alone in order to compare the 
effect of the various drugs on iris hyperemia 
and edema. These results are shown in 
Figure 2. 

At eight hours the degree of iritis in both 
the heparinized and cortisone-treated animals 
had reached 52% of the maximal reaction 
possible. Subsequently there was rapid sub- 
sidence of iritis in both groups to 35% at 
24 hours. This is in contrast to the greater 
degree of iritis shown by both the control 
and the trypsin-treated groups. At the 24- 
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hour period, while the iritis of the heparin- 
and cortisone-treated groups was rapidly 
subsiding, the iritis of the trypsin-treated 
and control groups had exceeded 75% of the 
maximal reaction possible and was still in- 
creasing. 


Incidence of Glaucoma 


The animals were observed for two days 
after the 24-hour reading, and the incidence 


of glaucoma was noted (Table). One 
animal in the control group showed a tran- 
sient glaucoma in one eye at 24 hours which 
spontaneously subsided on the second day. 
In the trypsin-treated group of animals 
one was observed to have mild transient 


Incidence of Glaucoma 


No. Rabbits 
Involved 


No. Eyes 
Involved 


5° 
2 
2 


* One eye spontaneously ruptured after 48 hr. 
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glaucoma in one eye at the 24-hour period 
of observation. This subsided spontaneously 
by the second day. Two other animals in 
this group developed severe bilateral glau- 
coma which did not subside and which in 
one animal resulted in a spontaneous rupture 
of the globe of one eye. 

One animal in the cortisone-treated group 
and one in the heparin-treated group de- 
veloped bilateral glaucoma which did not 
subside. 


Comment 


In groups of hypersensitive animals the 
anterior chamber injection of antigen pro- 
duced acute inflammation. Compared to the 
control animals, the severity and duration 
of the inflammation was reduced in those 
groups treated by the parenteral administra- 
tion of either heparin or cortisone. The 
group of animals treated by the parenteral 
injection of trypsin showed an inflammation 
which did not significantly differ from that 
shown by the control group. 

In this study we were unable to substanti- 
ate, under controlled experimental condi- 
tions, the clinical observations of Innerfield * 
and Hopen,? i. e., that trypsin rapidly sup- 
presses acute inflammation. 

In a consideration of the data obtained 
on the inflammation shown by the iris alone, 
a dramatic reduction in the degree of hy- 
peremia and edema of the iris was observed 
in the groups treated with cortisone or 
heparin. While the severity of iritis in these 
groups was subsiding the iritis in the control 
and trypsin-treated groups was increasing 
(Fig. 2). 

Although statements have been made that 
the parenteral use of trypsin resulted in 
improvement of symptoms of glaucoma,)? 
we observed as high an incidence of sec- 
ondary glaucoma in the group of experi- 
mental animals treated with trypsin as in 
the other groups. 
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Summary 
An acute ocular inflammation was pro- 
duced in hypersensitive rabbits by the an- 
terior chamber injection of antigen. 


Heparin or cortisone administered par- 
enterally reduced the intensity and duration 
of ocular inflammation. Parenteral trypsin 
had no inhibitory effect on the development, 
intensity, or duration of experimentally pro- 
duced acute ocular inflammation. 


Glaucoma occurred as frequently in 
animals treated parenterally with trypsin as 
in untreated control animals or in those 
treated parenterally with either cortisone or 
heparin. 


Wilmer Institute, The Johns Hopkins Hospital (5). 
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Studies on Intraocular Effects of the Orbital 
Parasympathetics 


II. Effect on Intraocular Pressure 


MANSOUR F. ARMALY, M.D., lowa City 


It has been reported in a preceding 
publication! that in previously sympathec- 
tomized cats, when the connections of the 
ciliary ganglion to the inferior oblique and 
the inferior rectus muscles and to the 
unstriated retrobulbar muscle mass were 
severed, a controlled electric stimulus ap- 
plied to the orbital parasympathetic pathway 
by means of a bipolar electrode produced a 
uniform response of the intraocular pressure 
in the stimulated eye. This was predictable 
with the highest degree of confidence. The 
response was characteristically a reduction 
in intraocular pressure. 

The characteristics of this pressure 
response as well as the effect of various 
extraocular factors and of variation in 
stimulus characteristics were studied in 140 
eyes. The results of this investigation are 
the subject of this communication. 

The preparation as well as the equip- 
ment and techniques employed in these 
studies were described in the previous pub- 
lication.* 


Effect of Parasympathetic Stimulation on 
Intraocular Pressure 


The characteristics of the intraocular 
pressure response will be described in three 
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stages: the immediate response to stimula- 
tion, the pressure behavior during stimula- 
tion maintained for varying periods of time, 
and the pressure behavior on cessation of 
the stimulus. 

Pressure Response to Stimulation —On 
electric stimulation of the ciliary ganglion in 
the anesthetized cat, an immediate rapid re- 
duction in intraocular pressure on the 
stimulated side ensued. 


The onset of reduction became detectable 
0.1-0.2 seconds after the beginning of stimu- 
lation. The reduction then proceeded at a 
very rapid rate to reach a maximum in 1-2 
seconds (Figs. 1, 2, and 3). The magnitude 
of this reduction for the average working 
stimulus (3-5 volts, f=10—40 eps, delay 
1 ms., duration 1-10 ms.) ranged between 
3 and 5 mm. Hg for initial intraocular 
pressure levels of 15-20 mm. Hg; this 
response occurred without a single excep- 
tion in 3,500 trials on 133 eyes. In the re- 
maining seven eyes, stimulation produced 
the parasympathetic effect on the pupil and 
lens,? but failed to produce the intraocular 
pressure response. In these eyes the initial 
intraocular pressure varied between 9 and 
12 mm. Hg at the time of stimulation. In 
two of these eyes the pressure response was 
later obtained after the intraocular pressure 
had risen spontaneously during the experi- 
ment to 15 mm. Hg. The importance of 
this observation will be elaborated in a 
future publication. 

The magnitude of the pressure reduction 
in the same preparation and with the same 
initial intraocular pressure varied directly 
with the stimulus intensity and with the 
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Fig. 1 pressure response to electrical of the orbital 
pathway. The solid line records the duration of stimulation superimposed on a_one-second 
timer. A and D, upper tracings: records of average systemic arterial pressure simultaneous 

_ with lower tracings : records of intraocular pressure of the stimulated eye in millimeters Hg 

. before, during, and after 13 minutes of stimulation. B and C; records of intraocular pressure 
response to seven minutes of stimulation. £, arterial and intraocular pressure are simultaneously 
recorded. Stimulus duration of 1 second repeated every 10 seconds produced the first four 
responses. Maintained stimulation for 25 minutes produced the fifth response from which a 
record of the Ist, the 13th, and the 25th minutes of maintained stimulation is shown. Note 
that the’ steady-state pressure during maintained stimulation is higher than the pressure before 
stimulation. /, intraocular pressure response to a duration of 0.3 seconds 


duration of the pulse. An additional reduc- volts or by increasing the pulse duration 
tion of 1-3 mm. of Hg could be obtained from 1-10 ms. or both (Fig. 2B). Various 
either by increasing the intensity from 5-10 changes in the stimulus characteristics failed 


Fig. 2.—Intraocular pressure response to electrical stimulation of the orbital parasympathetic 

»» pathway, A and C, upper tracings: records of systemic arterial pressure simultaneous with 

lower tracings: records of intraocular pressure in millimeters Hg showing response to 15 

minutes of stimulation. #8, record of intraocular pressure showing effect of changing the 

duration of the pulse from 1 msec, (smaller responses) to 10 msec. (larger responses) and 

that this effect is independent of sequence. Duration of stimulation varied from 0.5 to 3 seconds. 
D, response of intraocular pressure to eight minutes of stimulation. 


the 


i 


146/118 Vol. 62, July, 1959 


Blood 
id 
-5 


ORBITAL PARASYMPATHETICS 


Fig. 3.—Response of intraocular pressure to of the 


pathway. 


A, intraocular pressure response to stimulation when the connection of the ciliary 


ganglion to the orbital smooth muscles and to the inferior rectus were intact and D, after these 


connections 


had been severed in the same preparation. B shows the appearance of a post- 


stimulus “dip” when stimulation was associated with visible contraction of the extraocular 


muscles, and E 


shows its disappearance when the position of the electrode was changed 


eliminating‘ electrical leak. C shows a slight poststimulus dip not associated with visible signs 
of effective electrical leak and that disappeared in F after the position of the active electrode 


had been changed. 


to alter the quality of the response or the 
character of its onset. 

Pressure Behavior During Stimulation — 
The following types of pressure behavior 
were obtained during maintained stimula- 
tion. They are listed in their order of 
frequency. 

1. The pressure level attained at maxi- 
mum reduction was maintained throughout 
the period of stimulation. 

2. After maximum reduction was_at- 
tained, the pressure rose gradually to a new 
level which was, nevertheless, 2-3 mm. Hg 
lower than prestimulus level and which was 
maintained throughout the period of stimu- 
lation. 

3. The pressure behavior described in 1 
and 2 was followed after 5-10 minutes of 
maintained stimulation by a slow progres- 
sive reduction so that the level attained at 
the end of prolonged stimulation was 1-3 
mm. Hg lower than what it was initially at 
maximum reduction. 
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4. The pressure continued to rise after 
maximum reduction until the prestimulus 
level was reached; this level was then main- 
tained throughout the period of stimulation. 

5. On rare occasions the rise described 
in 4. would continue until a pressure level 
1-2 mm. Hg higher than the prestimulus 
level was reached and maintained through- 
out the stimulation. 

The entire variety of pressure responses 
was obtained without any associated changes 
in systemic arterial pressure which was 
recorded simultaneously. On _ occasions 
arterial pressure changes were observed on 
intense stimulation; however, irrespective of 
whether the arterial pressure change was a 
rise or a reduction, the intraocular pressure 


response was always a reduction on stimula- 
tion. 


It is proper to mention at this stage that 
when maintained stimulation produced Type 
4 or Type 5 behavior, an increase in the 
intensity of the stimulus was, in. general, 
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successful in converting these into either 
of the first three types. There was no 
detectable factor or factors with which the 
occurrence of these various types of behavior 
could be correlated. In general, Types 1, 2, 
and 3 of pressure behavior occurred during 
maintained stimulation. The occasional oc- 
currence of Type 4 or 5 in certain prepara- 
tions was not associated with a detectable 
difference in conditions from those that 
existed when Types 1, 2, and 3 were ob- 
tained in the same preparation. 

Pressure Behavior on Cessation of Stimu- 
lation.—On cessation of short-lasting stimu- 
lation (less than one minute), the following 
types of pressure behavior were observed: 

1. A quick rise in pressure occurred and 
reached a maximum level in one to three 
seconds. This rise usually ended once the 
prestimulus pressure level was reached. 
Occasionally, however, a slight overshoot of 
1 mm. Hg beyond the prestimulus pressure 
was observed which lasted two to five 
seconds. 

2. Occasionally a dip of 0.25-0.50 mm. 


Hg occurred upon cessation of stimulation 
and lasted for one to two seconds, to be 
followed by either one of the two types of 
rise mentioned under 1. This slight reduc- 
tion was not associated with the presence of 
signs of “electrical leak” during stimulation 


nor was it modified by altering the 
characteristics of the stimulus. It could be 
eliminated by altering the position of the 
active electrode (Fig. 3). The rarity of its 
occurrence rendered impossible any con- 
trolled evaluation of its causation. 

On cessation of stimulation that lasted 
longer than five minutes, the following 
additional types of pressure behavior were 
noted and will be listed in their order of 
frequency. 

A. When the pressure behavior had 
followed Types 1, and 2, or 3 during main- 
tained stimulation, the most frequent types 
of behavior on cessation were as follows : 

1. The pressure rose to a level 1-4 mm. 
lower than the prestimulus pressure; this 
level was maintained for 10-20 minutes be- 


148/120 


fore the eye recovered the prestimulus 
pressure. 

2. A rise in pressure occurred and was 
similar to that observed in Type 1 on 
cessation of short-lasting stimulation. 

3. The reduced pressure level maintained 
during stimulation remained the same on 
cessation of the stimulus. In general, re- 
covery of the prestimulus pressure followed 
30-40 minutes later. 

B. When the pressure during maintained 
stimulation followed Type 4 or 5 behavior, 
cessation of stimulation produced the 
following type of behavior: 

1. A rise in pressure which was less in 
magnitude than the reduction at the onset 
despite the fact that it occurred at a higher 
initial pressure level. Recovery of the pre- 
stimulus pressure level followed and was 
complete, in general, within five minutes. 

2. No change in pressure level followed 
cessation of stimulation. 


Association of Responses 

In general, stimulation produced simul- 
taneously all of the responses previously 
enumerated for the iris and lens,’ as well 
as for the intraocular pressure. However, 
the intraocular pressure response was ob- 
tained when stimulation was applied after 
the pupil had become widely dilated by 
sectioning the central connection of the 
preganglionic trunk of the ciliary ganglion 
as well, as after the pupil had been 
constricted to a vertical slit with pilocarpine. 
At the same time no direct correlation was 
found between the magnitudes of the pres- 
sure reduction and the constriction of the 
pupil. 

Furthermore, it has already been men- 
tioned that in seven eyes maximum effects 
on the pupil and lens were obtained on 
stimulation without any accompanying in- 
traocular pressure change. 


Effect of Extraocular Orbital Factors 
on Response 


In an attempt to investigate whether the 
intraocular pressure response to stimulation 
of the ciliary ganglion was a manifestation 
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of an intraocular or an extraocular event 
produced by parasympathetic stimulation or 
to an associated effect of electrical stimula- 
tion on the orbital muscles and vessels, 
various technical as well as pharmacologic 
procedures were used aimed at elucidating 
this question. 

The effect of various pharmacologic 
agents on the response confirmed the results 
of the various technical procedures and will 
be reported separately. 

Effect of Various Components of the 
Pathway—The intraocular pressure re- 
sponse as well as the responses of the iris 
and lens were identical regardless of 
whether the electrode was applied to the 
ciliary ganglion, to the preganglionic trunk, 
or to either of the two postganglionic trunks. 
They remained the same, irrespective of 
whether the central connection of the pre- 
ganglionic trunk to the third nerve were 
intact or completely severed. 

All responses to stimulation were elimi- 
nated by interrupting surgically the con- 
tinuity of the pathway anywhere between 
the site of application of the electrode and 
the point of entry of both postganglionic 
trunks into the globe. Sectioning only one 
of the two postganglionic trunks caused a 
reduction in the response, and, for apparent 
reasons, both had to be sectioned in order 
to interrupt the continuity of the pathway 
at this point and eliminate completely the 
response to stimulation of a more proximal 
site of the pathway. 

The response of the iris, lens, and in- 
traocular pressure to electric stimulation of 
the ciliary ganglion was also obtained when 
the ganglion was mechanically stimulated by 
holding it under firm pressure with the tip 
of a fine forceps. 

Effect of Orbital Muscles——The response 
was not modified in any manner after all the 
extraocular striated muscles been 
sectioned at the proximal one-third of their 
bellies. 

The possible effect of the “unstriated” 
orbital muscles was of special interest, 
since their tonicity influences the intraocular 
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pressure and a possible relaxation of these 
muscles on parasympathetic stimulation 
might account for the intraocular pressure 
response. These muscles comprise essen- 
tially the retrobulbar muscle mass, arranged 
in bundles between the apex of the orbit 
and the posterior pole of the globe; the 
nictitating membrane and its muscle, which 
encircles the nasal one-third of the anterior 
half of the globe and intimately relates to 
the globe, and, finally, smooth muscle 
elements attached to both lids. It is to be 
recalled that in the final preparation,’ the 
uniformity of the response was achieved 
after all connections of the parasympathetic 
pathway to extraocular structures including 
those extending from the ciliary ganglion to 
the unstriated retrobulbar muscle were 
severed. 

Of particular interest in this regard was 
the role of the nictitating membrane and its 
muscle in the production of an intraocular 
pressure response to stimulation of the 
superior cervical ganglion. Such stimula- 
tion in an appropriate preparation produced 
dilatation of the pupil, retraction of the 
nictitating membrane, and a rise in in- 
traocular pressure of 5-7 mm. Hg. 

This pressure response was either com- 
pletely eliminated or reduced to 0.5 or 1 
mm. Hg when the same stimulation followed 
a complete excision of the nictitating mem- 
brane and its muscle (Fig. 5). However, 
this maneuver did not influence the intra- 
ocular pressure response to stimulation of 
the ciliary ganglion in any noticeable man- 
ner, nor was this response modified by com- 
plete excision of the entire retrobulbar 
muscle mass and of both upper and lower 
lids. 

Effect of Other Orbital Structures.— 
Once the effect of the extraocular muscles, 
striated and unstriated was ruled out, it be- 
came important to investigate the role of a 
possible effect of electric stimulation on 
adjacent orbital blood vessels on the pro- 
duction of the intraocular pressure response. 

The isolated parasympathetic pathway 
could be pulled laterally away from all 
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orbital structures and suspended in air by 
the electrode tip. When this space was more 
effectively isolated from the rest of the orbit 
by surrounding the entire pathway and 
electrode with wax paper or by filling this 
cavity with liquid paraffin, the intraocular 
pressure response remained unmodified. 
These maneuvers proved effective in raising 
the intensity of stimulation required to 
produce “effective electrical leak” by several- 
fold. 


It was concluded from these results that 
the intraocular pressure response to stimu- 
lation of the parasympathetic pathway was 
not produced wholly or in part by the possi- 
ble effect of such stimulation on systemic 
arterial pressure, on extraocular muscles or 
on orbital vessels, and that the response 
had to be accounted for exclusively by an 
intraocular event produced by such stimula- 
tion. 


Effect of Death on Response 


Once the response was obtained in the 
living anesthetized cat, the electrode was left 
in place and the set-up kept constant. 
Cessation of respiration and circulation was 
rapidly effected by an intracardiac injection 
of 50 to 100 cc. of air, by an intracardiac 
lethal dose of pentobarbital( Nembutal), or 
by exsanguination. 

Effective stimulation at this stage always 
produced a rise in intraocular pressure in- 
stead of a reduction. This continued to be 
the response to stimulation irrespective of 
how high the initial pressure was made ex- 
perimentally by injecting saline into the 
anterior chamber. 

The same reversal occurred after enuclea- 
tion (Fig. 2) confirming the results of 
Purnell et al.,? as well as after tying a 
strong ligature, in the living cat, strangu- 
lating all the structures emerging from the 
orbital apex. 


Fig. 4.—Effect of death on the intraocular pressure response to electrical stimulation of the 
orbital parasympathetic byes The intraocular pressure response to stimulation, A, in the 


living anesthetized cat ; 


ies 


: dose of pentobarbital (Nembutal) ; D, E, and F, in the enucleated eye. - 
-9LOP 
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Fig. 5.—Record of intra- 
ocular pressure showing 
the effect of stimulation 
of the superior cervical 


ganglion of the same side 
when the nictitating mem- 
brane and its muscle are 
intact and the effect of 
the same stimulation ap- 
plied after complete re- 
section of the nictitating 
membrane and its muscle. 


The magnitude of this rise was 0.5 to 
1 mm. Hg. It seemed to carry an inverse 
relationship to the magnitude of the initial 
pressure. 

Maintained stimulation failed to maintain 
the initial rise in pressure for more than 
5-10 seconds; it was followed by a progres- 
sive reduction. 


Interpretation of Results 


Two components in the pressure response 
stand out as requiring two separate mecha- 
nisms: the immediate and the maintained 
reduction. 


The immediate reduction requires rapid 


reversible changes in the volume of in- 
traocular contents. The aqueous and vitreous 
compartments as well as the lens drop out of 
consideration. There remain the intraocular 
muscles and the vascular bed. Of the mus- 
cles, the ciliary and the iris sphincter reacted 
to stimulation; the behavior of the latter was 
not correlated with the response. 

Contraction of the ciliary muscle produces 
two effects relevant to this problem: a re- 
duction in muscle volume favoring a pres- 
sure reduction and a reduction in the 
diameter of the ciliary circle reducing 
the size of the effective shell containing the 
intraocular fluid and favoring a pressure 
rise. The response in the enucleated eye 
showed that the effect of the second 
component was predominant. 

If the muscular contribution is the same 
in the living cat, then it can not account for 
the response and would have to be opposed 
by a simultaneous pressure-reducing mech- 
anism capable of producing a net effect of 
reduction. 
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The effect of stimulation on the vascular 
bed may be either a direct one on the 
musculature of the vessels or an indirect 
one through ciliary muscle contraction. A 
direct effect, if it existed and was similar to 
the parasympathetic effect on the systemic 
circulation, should produce an increase in 
volume and pressure. On the other hand, 
the indirect effect would lead to a reduction 
of the volume of the vascular bed of the 
ciliary muscle and iris by the rapid emptying 
of the venous bed of the muscle and the re- 
duction of the caliber of the ciliary arteries 
coursing through the muscle to form the 
major circle of the iris by active compres- 
sion during contraction causing marked re- 
duction in the filling pressure head of that 
vascular bed. 

The cessation of pulsation in the arteries 
of the major circle on stimulation and the 
reduced pulse volume during maintained 
stimulation,’ together with the reversal of 
the response on strangulation of the ocular 
circulation, favors strongly the interpreta- 
tion that a reduction in the volume of the 
intraocular vascular bed is the pressure-re- 
ducing mechanism that can account for the 
net reduction response to stimulation in the 
anesthetized cat. 

A more detailed investigation of the 
muscular and vascular component was un- 
dertaken under conditions of controlled 
variations in the arterial as well as the 
venous pressure, the intraocular pressure, 
and the ciliary muscle tone, in an attempt 
at separating these two antagonistic compo- 
nents of the response to stimulation. The 
results of this part of the studies supported 
the above-mentioned interpretation and will 
be reported in detail separately. 
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The behavior of the intraocular pressure 
during maintained stimulation is not ex- 
plained by a mechanism producing only a 
reduction of a fixed magnitude in the volume 
of intraocular contents. For, then, a progres- 
sive rise would follow maximum reduction 
until the prestimulus pressure level was at- 
tained and would be maintained throughout 
the period of stimulation irrespective of the 
duration. This, however, was shown to be 
the unusual and rare behavior. Instead, the 
intraocular pressure during stimulation could 
be made to maintain a pressure level signif- 
icantly different from the prestimulus level. 

This indicates that stimulation must have 
effected, in addition, a change in one or more 
of the factors determining the level of in- 
traocular pressure to be maintained by an 
eye. For all practical consideration, and in 
the absence of change in the systemic 
arterial pressure on stimulation, these factors 
are the inflow rate of aqueous, the resistance 
to outflow, and the pressure in the collector 
channels. 

The effect of stimulation on the resistance 
to outflow and the possible role of the pres- 
sure in the collector channels were in- 
vestigated and will be the subject of future 
publication. 

The pressure behavior on cessation of 
long-lasting stimulation demonstrated a 
change in pressure equal to and in the op- 
posite direction to that produced by stimu- 
lation. However, the absence of change, on 
occasions, on cessation of prolonged stimu- 
lation and the relatively reduced magnitude 
of the rise even when it occurred at higher 
intraocular pressures seem to indicate a 
decay of the immediate response or a com- 
pensation of its pressure-reducing compo- 
nent during prolonged stimulation. This 
was not always associated with detectable 
reduction in the pupillary and lens responses 
during the same period of stimulation. 


Summary 


Electrical stimulation of the isolated 
orbital parasympathetic pathway in the 


152/124 


A, M. A. ARCHIVES OF OPHTHALMOLOGY 


anesthetized cat produced an immediate re- 
duction in intraocular pressure, which was 
maintained during prolonged stimulation. 
Death and strangulation of the ocular 
circulation reversed the response from a 
reduction to a slight rise in pressure. 

Extraocular factors were ruled out as 
being responsible for this response. 

Two components of the response require 
different mechanisms of production: the 
immediate and the maintained reduction in 
pressure. 


Analysis of possible intraocular mecha- 
nisms led to the following interpretation for 
the immediate reduction: The muscular 
contribution to the response produced a net 
effect of a rise in pressure due to a reduction 
in the ciliary circle reducing the size of the 
effective shell containing the intraocular 
fluids. The pressure reduction was due to 
a simultaneous reduction in the volume of 
the vascular bed of the ciliary muscle and 
iris through the effect of contraction of the 
ciliary muscle on the vessels coursing 
through it to form the major circle of the 
iris. 

The fact that the eye maintained a pres- 
sure lower than the prestimulus pressure 
during maintained stimulation of 5 to 45 
minutes indicated that stimulation must 
have produced, in addition, a reduction in 
one or more of the following parameters: 
inflow rate of aqueous, resistance to outflow, 
and pressure in the collector channels, or a 
complex effect on these parameters re- 
sulting, in general, in a reduced intraocular 
pressure level. 
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Experimental Aberrant Lipogenesis 


VI, Biochemical Characterization of the Sudanophilic Material Produced 


EUGENE C. CICCARELLI, M.D., and TOICHIRO KUWABARA, M.D., Boston 


Aberrant lipogenesis is a phenomenon 
which has been described by Cogan and 
Kuwabara in the first four articles of the 
present series.’* The term “aberrant 
lipogenesis” refers to the formation of fat 
by tissues or cells which do not ordinarily 
form fat. Although later shown to be a very 
general phenomenon, aberrant lipogenesis 
was first described in the rabbit cornea. 
Since that tissue has been used in the present 
experiments, corneal lipogenesis will be 
described more fully. 

Sections or “buttons” were cut from fresh 
rabbit corneas and placed in a medium of 
serum and sodium oleate (2 mg. per 
milliliter). The buttons were incubated at 
37 C for varying lengths of time and then 
sectioned in the frozen state and stained 
with hematoxylin Sudan. Sudan-positive 
droplets were then found to be present in 
both epithelial and stromal cells. When in- 
cubation periods as long as 48 hours were 
used, the droplets were so large and so 
numerous that they greatly distended the 
cells. For other characteristics of this 
phenomenon, the previous papers in this 
series should be consulted. 

Pirie and van Heyningen® have pointed 
out the importance of identifying the 
lipogenetic lipid by chemical analytic tech- 
niques. That was the purpose of the present 
study. 

For simplicity a few definitions are in 
order. “Lipogenesis” as used here refers to 
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the esterification of glycerol by fatty acids. 
It does not refer to the synthesis of fatty 
acids, as it is frequently used in the bio- 
chemical literature. “Esterified glycerol” 
refers to glycerol that is released from a 
bound form by alkaline hydrolysis and in- 
cludes the glycerol of neutral fats and 
phospholipids. 

“Esterified fatty acids” refers to fatty 
acids released from a bound form by alkaline 
hydrolysis and includes fatty acids derived 
from neutral fats, phospholipids, and 
cholesterol esters. 


Materials and Methods 


The technique of Cogan and Kuwabara 
outlined above for the demonstration of 
aberrant lipogenesis in rabbit corneas was 
used. The incubation period was 48 hours. 
After incubation, the corneas were washed 
free of excess medium with sodium chloride 
solution and were extracted with a chloro- 
form-methanol mixture. Determinations of 
esterified glycerol, esterified fatty acid, 
phospholipid, and cholesterol concentrations 
were made. 

As the procedures for the determination 
of concentrations of esterified glycerol and 
esterified fatty acid are new they will be 
described more fully. Two-thirds of the 
aliquots for these determinations were 
saponified, and one-third were not. Con- 
centrations of glycerol and fatty acid were 
determined colorimetrically on all aliquots. 
Values for esterified glycerol and esterified 
fatty acid were differences between the 
respective concentrations of glycerol or fatty 
acid as found in saponified versus un- 
saponified aliquots. 
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Comparison was made with previous ex- 
periments by histologic preparation of 
control corneal buttons. 

Blood serum and eyes were obtained from 
young adult albino rabbits. Sodium 
iodoacetate (see “Results” ), when present in 
the incubation medium, was at a concentra- 
tion of 5X10-8M. Buttons were extracted 
according to the method of Folch.* Saponifi- 
cation was carried out on samples intended 
for glycerol and fatty acid analysis ac- 
cording to the method of Van Handel and 
Zilversmit.’ Doucil (a zeolite) was not 
used, Glycerol was determined by the 
method of Lambert and Neish * as modified 
by Van Handel and Zilversmit,’ solutions 
of glycerol being used as standards. Fatty 
acid concentrations were determined by the 
method of Coleman and Middlebrook * with 
modifications. Solutions of stearic acid were 
used as standards for this procedure. 

Lipid phosphorus was determined by the 
method of Fiske and Subbarow as modi- 
fied in the chemistry laboratory of the 
Massachusetts General Hospital. An organic 
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Summary of Data from Lipogenesis Experiments * 


phosphorus control (glucose-6-phosphate) 
was run with each determination. Cholesterol 
was determined by the method of Zlatkis, 
Zak, and Boyle™ with use of commercial 
cholesterol standards in acetic acid. 

Microscopic controls were run with each 
set of analyses. The sudanophilic droplets 
were graded 0-to-4+ in epithelial and 
stromal cells separately. Per cent cell sur- 
vival was estimated. 


Results 


The data obtained from experiments in 
which buttons were incubated in serum and 
sodium oleate are tabulated in the Table. 
These results express only the concentra- 
tions of the lipid fractions found in the 
buttons after incubation. They do not 
represent synthesis. To obtain figures for 
synthesis, it was necessary to compare the 
concentrations of lipid fractions found after 
incubation in oleate with concentrations of 
these same fractions in buttons which did 
not contain lipogenetic fat. 


Exp!No. Ine. Medium _Ine. Pd., Hr. 


Oleate 48 2.52 
2 Oleate 48 2.89 
3 Oleate 48 3.42 
3 Oleate 48 4.02 
4 Oleate 48 


Oleate & IAA 
Oleate & IAA 48 
Oleate & IAA 48 
Oleate & IAA 


Net synthesis: 
Ratio esterified fatty acid-esterified glycerol = 1.1 


Esterified 
Glycerol 


Esterified 
Fatty Acid 


Lipid Phosphorus 


Cholesterol 


4.90 

4.91 101 
709 1.05 1.07 
6.18 1.08 0.90 


4.40 


* Allanalytical values are expressed in micromoles per gram of wet weight per 48 hours’ ineubation. Esterified glycerol and esterified 


fatty acid values were calculated as described in the text. Each determination on a saponified sample is the average of two determi- 
nations. “Net synthesis” of a lipid fraction is the difference between average determinations of buttons incubeted in oleate and buttons 


incubated in oleate and iodoacetate. 
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1.15 1.12 

Av. 3.51-40.79 5.50-40.99 1.08-40.05 1.034.0.16 
0 2.21 0.53 0.67 
0.52 1.22 0.41 0.63 
0.33 1.76 0.62 0.83 

0.28 1.99 0.60 0.83 so 
Av. 0.28-40.19 1.80-40.37 0.5440.08 0.7440.09 

1 None None 0.69 ~ 

2 None None 0 0.62 0.79 a ee 

4 None None 0 1.58 0.86 0.38 AG 

Av. 0.2840.33 1.10-40.48 0.834.0.04 0.38 


EXPERIMENTAL ABERRANT LIPOGENESIS 


Kuwabara ™ and Hill et al.’* have shown 
that sodium iodoacetate at a concentration 
of 5X10-* molar in the incubation medium 
will inhibit completely aberrant lipogenesis 
in the rabbit cornea. Such incubations were 
run in the. present experiments, the pro- 
cedure béing otherwise identical to that de- 
scribed for buttons incubated in oleate alone. 
In addition, a number of extractions were 
made from buttons which had not been in- 
cubated. The results of the iodoacetate ex- 
periments and of the unincubated buttons 
are shown in the Table. 


It is seen that the concentration of 
esterified glycerol in buttons which had not 
been incubated averaged 0.234M. per gram 
of’ cornea and in buttons which had been 
incubated in oleate and iodoacetate averaged 
0.28uM. per gram of cornea. The concentra- 
tions of esterified fatty acid, lipid phos- 


CORNEAL 
CONCENTRA- 
TIONS IN 4 
MICROMOLES 


O 
\\) 


phorus, and cholesterol were likewise similar 
for these two series. It mattered little 
numerically which set of values were taken 
for comparison with buttons which had been 
incubated in oleate alone, but, for theoretical 
reasons which will be explained below, the 
buttons incubated in oleate and iodoacetate 
were chosen. 


The concentration of esterified glycerol in 
the iodoacetate buttons, as has been men- 
tioned above, averaged 0.284M. per gram. 
The concentration of esterified glycerol in 
buttons incubated in oleate alone averaged 
3.51u4M. per gram. The difference between 
these two concentrations, 3.234M. per gram, 
was taken as the “net synthesis” of esteri- 
fied glycerol. The “net synthesis” of a lipid 
fraction therefore represents the amount of 
that lipid fraction manufactured by the 


Buttons incu- 


bated in oleate, 


Buttons 
bated in 
and iodoacetate. 


incu- 
oleate Data from the Table 
have been expressed in 
bar graph form. Bars 
representing values for 
buttons incubated in ole- 
ate, incubated in oleate 
anc i-doacetate, and not 
incubated have been su- 
perimposed upon each 
other. “Net synthesis” of 
a lipid fraction by the 
buttons incubated in ole- 
ate is represented by how 
much the bar for buttons 
incubated in oleate ex- 
ceeds the bar for buttons 
incubated in oleate and 
iodoacetate. 


Buttons which 
were not 


incubated, 


Esterified Esterified 


fatty ecid 


Lipid 
glycerol 


Ciccarelli—K uwabara 


Cholesterol 


phosphorus. 
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corneal buttons during the period of their 
incubation in serum-oleate medium. 

The results listed in the Table are sum- 
marized graphically in the Figure. From 
these bar graphs it becomes apparent that in 
corneal tissues incubated with oleate there is 
a definite increase in the amounts of esteri- 
fied oleate and glycerol. Since only slight in- 
creases are observed in the phosphatide or 
cholesterol fractions, it would appear that 
the material synthesized is a neutral fat. 

Microscopically, the buttons incubated in 
oleate showed the expected 4+ lipogenesis; 
those incubated in oleate and iodoacetate 
showed negligible lipogenesis. 


Comment 


The lipogenetic fat synthesized by 1 gm. 
of corneal buttons incubated in sodium 
oleate and serum for 48 hours was found 
to be composed of 3.234M. of esterified 
glycerol and 3.70uM. of esterified fatty acid. 
The “net syntheses” of lipid phosphorus 
and cholesterol were so small as to be in- 
significant, with use of the present methods.* 
The lipogenetic fat is therefore identified 
qualitatively as a neutral fat. Whether it is 
composed of mono-, di-, or triglycerides or 
a mixture of these is not known. The ratio 
of esterified fatty acid to esterified glycerol 
found in the present experiments, 1.1 to 1, 
suggests that monoglyceride is an important 
constituent. 

Simms ™ felt that lipogenesis was due to 
a process of “phanerosis;” that is, that the 
lipogenetic fat had been present before in- 
cubation but was “unmasked” and made 
stainable during incubation. The present ex- 
periments do not support such a concept. If 
the neutral fat had been present before 
incubation, the concentrations of esterified 
glycerol and esterified fatty acid in the un- 
incubated corneas would have been elevated 
to degrees similar to those found in buttons 
incubated in oleate alone. Such was not the 


* Kuwabara and Cogan‘ have found histochem- 
ical evidence for phospholipid synthesis after incu- 
bation periods of 12 hours. Using incubation 
periods of 48 hours, however, they found no 
phospholipid. 
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case. A progress of active synthesis is 
necessary to explain the findings. 

It was mentioned above that buttons in- 
cubated in oleate and iodoacetate were used 
for comparison with buttons incubated in 
oleate alone “for theoretical reasons.” These 
reasons are that substances, especially neutral 
fat, not originally in the buttons before incu- 
bation might have been absorbed during the 
incubation. To demonstrate that such a 
simple, passive process did not account for 
the neutral fat “synthesized,” the comparison 
was made with the iodoacetate corneas 
which had been incubated for a similar 
length of time. Any absorption should have 
occurred equally in buttons incubated in 
oleate alone and buttons incubated in oleate 
and iodoacetate. “Net syntheses,” which are 
differences between the two values, would 
not be affected by any absorption and there- 
fore must represent active synthesis. 

Oleate ion was the stimulus for lipogene- 
sis in the present experiments. It would be 
logical to assume that the oleate served as 
one of the substrates in the lipogenetic 
reaction and was being incorporated into 
neutral fat. Whether the oleate was altered 
to another fatty acid during the process is 
not known, but one preliminary experiment 
designed to investigate this question has 
been performed. Through the cooperation 
of Dr. A.T. James of London, England, a 
sample of lipogenetic fat was analyzed by 
the technique of gas-liquid chromatography. 
We were surprised to find that only 54% 
by weight of the fatty acid present in 
lipogenetic fat was oleate. One might con- 
clude that the crude sodium oleate used in 
the incubation medium contained significant 
amounts of fatty acids other than oleate, but 
further study is needed. 

Whereas the results of the present paper 
have been chiefly concerned with oleate- 
induced fat, preliminary runs have been 
made with palmitic acid and have shown a 
similar increase in esterified glycerol, even 
though histologic sections showed no 
sudanophilia. It appears that any of a 
number of fatty acids may serve as a 
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substrate for fat formation and that the 
specificity of oleate lies only in the forma- 
tion of sudanophilic fat. 


Summary 

The characteristics of the lipid substance 
produced during experimental aberrant 
lipogenesis in rabbit corneas were investi- 
gated by chemical analytic techniques. 
Determinations were made of the concentra- 
tions of esterified glycerol, esterified fatty 
acid, lipid phosphorus, and _ cholesterol 
present in corneas incubated in sodium 
oleate. These were compared with determi- 
nations made on corneas incubated in 
sodium oleate and sodium iodoacetate. 
Differences in concentrations were taken as 
“net syntheses.” 

Active synthesis of neutral fat in vitro 
was demonstrated. 

Drs. David G. Cogan and Jin H. Kinoshita 


helped in the design of the experiments and the 
preparation of the paper. 


243 Charles St. (14). 
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Xeroderma pigmentosum, also known as 

Kaposi’s disease or lentigo maligna, was 
first described in 1870. It is a rare, pro- 
gressive, precancerous disease of the skin 
and mucous membranes and frequently dis- 
plays ocular complications. Mental defi- 
ciency has been noted in some patients. It 
tends to occur in the children of consan- 
guineous marriages, being transmitted as a 
simple recessive character, and_ several 
siblings may have the disease. The patho- 
genic factor underlying the condition is 
considered to be a reaction of the surface 
epithelium to an abnormal organic or 
chemical disturbance within the body. Sun- 
light is the precipitating agent of this 
disease. 

The patients usually have normal skins 
at birth. Xeroderma pigmentosum usually 
appears before the second year of life as a 
persistent erythema of the face, neck, and 
arms after exposure to sunlight but differing 
from ordinary sunburn in that it takes 
longer to disappear. This is followed by the 
gradual appearance of large “freckles” 
showing varying amounts of pigmentation 
on the exposed parts of the body. Even- 
tually these pigmented maculae become 
darker in color and coalesce; the skin 
atrophies and takes on a parchment-like ap- 
pearance, and blood vessels are seen 
between the “freckles,” simulating telangi- 
ectasis. Neoplasms which show the structure 
of a granuloma, sarcoma, myxoma, angioma, 
or basal- or squamous-cell carcinoma may 
develop in the affected areas. The disease 
reaches its height between the sixth and 
seventh years of life. According to most 


Submitted for publication Jan. 2, 1959. 
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Ocular Lesions in Xeroderma Pigmentosum 


A Case Report of Carcinoma of the Cornea 


HERSERT GILLER, M.D., and WERNER C. KAUFMANN, M.D., Milwaukee 


authors, few patients afflicted with xeroder- 
ma pigmentosum survive to adulthood. The 
malignant changes have a predilection for 
the circumoral and circumorbital regions. 
Death may occur from intercurrent infec- 
tion, from meningitis, or from hemorrhage 
following deep ulcerations which may de- 
stroy the orbital or nasal cavities. 

Histologically the changes are those of 
irregular atrophy, dyskeratosis, telangi- 
ectasis, warty and malignant growths, with 
excessive deposits of melanin in the basal- 
cell and lowermost layers of the stratum 
spinosum as well as in the chromatophores 
in the upper dermis. 

Eye complications in xeroderma pig- 
mentosum are stated to occur in about 30%. 
Most of the cases with ocular manifestations 
described in the journals show primarily 
lesions of the lower lids, which may show 
erythema, pigmentation, atrophy, or malig- 
nant change. Atrophy of the lids leads to 
loss of the cilia, entropion, or ectropion, and 
not uncommon are symblepharon, ankylo- 
blepharon, or loss of the entire lower lid. 
The conjunctivae, which are usually dry and 
hyperemic, may be the site of neoplasms, 
pingueculae, pseudopterygia, and phlycten- 
ular-like lesions. 

The corneal complications are rather 
characteristic. Atrophy of the lower lid 
may lead to exposure keratitis with second- 
ary ulceration and opacification of the 
cornea with vascularization. The corneo- 
scleral limbus is the site of predilection of 
benign and malignant tumors which may 
encroach on the cornea. Malignancy of the 
cornea in xeroderma pigmentosum is a very 
rare occurrence, only a few such cases hav- 
ing been reported in the literature. Epithe- 
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liomata extending for varying distances 
from the limbus onto the cornea are de- 
scribed by Saebo and Kamel, and Reese 
reported a case of xeroderma pigmentosum 
with squamous-cell epithelioma developing 
at the site of corneal ulceration. Iritis, iris 
atrophy, and abnormal iris pigmentation 
have been recorded. The crystalline lens and 
other structures of the eye are seldom in- 
volved. 


Report of Case 


The patient was born on June 19, 1951. 
His father and mother are third cousins. 


Fig. 1.—Pigmentation, atrophy, and warty 
growths (some malignant) of exposed areas of 
head and neck. 


There are five other children in the family, 
the two youngest having harelip and cleft 
palate but normal skin. At the age of one 
year, the patient was exposed to the sun 
and freckle-like pigmented areas began to 
appear on the face, scalp, neck, and upper 
chest, hands, and extensor surfaces of the 
arms. The pigmented maculae gradually 
became darker in color. 


Giller—Kaufmann 


Fig. 2.—Mass of right cornea and limbus shown 
to be squamous-cell carcinoma on microscopic 
examination. 


When he was first seen in a dermatology 
clinic, in January, 1956, at the age of 4% 
years, the skin of the exposed parts of the 
body showed many pigmented patches 
varying in form, size, and degree of pig- 
mentation. The skin was tense, dry, and 
scaly and the lips cracked. Scattered 
keratotic areas with ulceration and crusting 
were noted on the cheeks and nose. A 
psychological evaluation revealed in- 
tellectually retarded, antagonistic, and ap- 
prehensive child. 

As the facial lesions were very suspicious 
of malignancy, they were excised, and 
pathological examination proved them to be 
squamous- and basal-cell carcinomas. The 
patient returned after six months com- 
plaining of photophobia, conjunctival dis- 
charge, and agglutination of the eyelids. The 
underlying condition was felt to be a chronic 
blepharoconjunctivitis. Three new hyper- 


Fig. 3.—Smooth, homogenous, nonvascular in- 
vasion of left cornea at limbus, showing epithelial 
hyperplasia on biopsy. 
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keratotic areas observed on the right 
cheek were subsequently electrodesiccated. 
The patient was examined again in June, 
1957, when both lower lids were everted, 
resulting from atrophy and cicatrization of 
the skin of the face and lids. A pterygium- 
like lesion extending onto the cornea was 
also noted on the right eye. The palpebral 
conjunctivae were injected bilaterally, and 
there was some loss of cilia. A determina- 
tion of the visual acuity was not possible 
owing to extremely poor cooperation, but 
there was evidence that the vision was good 
in each eye. Numerous new verrucae ap- 
pearing on the face were electrocoagulated 
during the following year. 

The patient was admitted on Aug. 20, 
1958, for a lateral tarsorrhaphy of both eyes 
to correct marked ectropion of the lower 
lids, and at the time of surgery bilateral 
corneal lesions were noted. On the right 
cornea, an elevated pearly mass _ with 


vascular tufts was observed extending from 
the superior nasal limbus toward the center 
of the cornea. Inferior and continuous with 
this tissue, there was a pale, smooth, very 


slightly raised, nonpigmented lesion ex- 
tending from the nasal conjunctiva onto the 
cornea. In the left eye, a flat, grayish, 
avascular lesion was encroaching on the 


cornea from the nasal corneoscleral limbus. 
The corneal lesion of the right eye and ap- 
proximately 2-3 mm. of the adjoining con- 
junctiva were excised and the free edge of 
conjunctiva sutured to the sclera. Micro- 
scopic examination revealed the mass to be 
a squamous-cell carcinoma of low-grade 
malignancy. Two weeks subsequent to this 
procedure the tumor of the left cornea and 
limbus was excised under general anesthesia 
in the same manner. The pathologic report 
was epithelial hyperplasia of the cornea. 

Postoperatively the patient did well, and 
examination under anesthesia two months 
later revealed a corneal opacification in the 
area of previous excision in the right eye. 
No evidence of tumor was grossly dis- 
cernable. The left cornea was clear. 

In summary, a case of xeroderma pig- 
mentosum with carcinoma of the cornea is 
presented and the literature briefly reviewed. 
The lesion was treated by local surgical ex- 
cision. More radical treatment was not un- 
dertaken, because the carcinoma was of 
low-grade malignancy and there are reports 
of cases locally excised without recurrence. 
Furthermore, useful vision remains in the 
eye and the prognosis is extremely poor for 
longevity. 

2040 W. Wisconsin Ave. (3). 


Fig. 4.—Squamous-cell 
carcinoma of cornea and 
limbus showing invasion 
of subepithelial tissues. 


Vol. 62, July, 1959 


160/132 


XERODERMA PIGMENTOSUM 


BIBLIOGRAPHY 


Anderson, W. A. D, Editor: Pathology, Ed. 2, 
St. Louis, The C. V. Mosby Company, 1953, 
p. 1159. 

Blackmar, F. B.: Xeroderma Pigmentosum, Am. 
J. Ophth. 14:884, 1931. 

Cross, F. R.: Eye Symptoms in Kaposi’s Disease, 
Tr. Ophth. Soc. U. Kingdom 35 :202, 1915. 

Duke-Elder, W. S.: Text-Book of Ophthalmology, 
Vol. 2, St. Louis, The C. V. Mosby Company, 
1940, p. 1740. 

Kamel, S.: The Eye Complications of Xeroderma 
Pigmentosum (Kaposi), Bull. Ophth. Soc. 
Egypt 41:92, 1948. 


Giller—Kaufmann 


Moore, C., and Iverson, P. C.: Xeroderma Pig- 
mentosum: Showing Common Skin Cancers 
Plus Melanocarcinoma Controlled by Surgery, 
Cancer 7 :377, 1954. 

Reese, A. B.: Tumors of the Eye, New York, 
Paul B. Hoeber, Inc. (medical book department 
of Harper & Brothers), 1951, p. 34. 

———and Wilbur, I. E.: The Eye Manifestations 
of Xeroderma Pigmentosum, Am, J. Ophth. 
26 :901, 1943. 

Saebo, J.: Xeroderma Pigmentosum with Af- 
fection of the Eye, Brit. J. Ophth. 32:398, 
1948. 

Thomas, 


C. I.: The Cornea, Springfield, IIl., 


Charles C Thomas, Publisher, 1955, p. 647. 


161/133 


3 
23 
d 
* 
ip 
2 
i 
Wee 
3 


Penetrating Keratoplasty in Rabbits 


Effects of Beta-Propiolactone (BPL) Treatment of Donor Corneal Discs 


ALBERT C. JOHNSTON, M.D.; CORNELIUS E. McCOLE, M.D., and GERALD A. LoGRIPPO, M.D., Detroit 


The problem of a storage technique for 
corneal tissue which will not impair its 
suitability for keratoplasty has been well 
reviewed recently,’ and so any detailed con- 
sideration may be omitted. Suffice it to say 
that techniques involving freezing or freez- 
ing followed by dehydration of corneal ma- 
terial pretreated with glycerine represent 
substantial progress. However, a completely 
satisfactory solution of the problem remains 
to be achieved. 

The chemical agent BPL (8-propiolactone) 
has been used successfully and apparently 
advantageously in the preparation for stor- 
age of arterial tissue to be used for arterial 
homografts.5 A freshly prepared 1% solu- 
tion of BPL is an effective virucide, bac- 
teriocide, sporicide, and fungicide; however, 
after two hours at 38 C the initially toxic 
BPL has completely hydrolyzed into non- 
toxic degradation products. It has proved 
feasible to sterilize contaminated arterial 
homografts with BPL without destroying 
their usefulness as functional transplants. 

We deemed it worth while to investigate 
the potential role of BPL-treated corneal 
tissue in optical keratoplasty, not because of 
its sterilizing effect but because of the pos- 
sibility that it would destroy corneal stroma 
cells in such a fashion that their disintegra- 
tion products might prove relatively non- 
antigenic and, if so, that the transplanted 
collagen framework might yield clear grafts. 


Methods 


Homologous centric penetrating kerato- 
plasties were performed on three groups 

Submitted for publication Jan. 23, 1959. 

From the Department of Ophthalmology, Henry 
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of rabbits: Group A: grafted with corneal 
discs pretreated with 1% BPL in 25% 
glycerin in isotonic saline; Group B: grafted 
with corneal discs pretreated with 25% 
glycerin in saline; Group C: grafted with 
fresh, untreated corneal discs from other 
rabbits (homologous controls). For two 
months after operation the animals were 
observed frequently relative to clarity of 
grafts. Tissue cultures were made of fresh 
corneal tissue and of corneal tissue pre- 
treated as in Groups A and B to determine 
viability of graft material in terms of cellular 
proliferation and migration. 

Young albino rabbits were used, of both 
sexes and weighing 2 to 4 kg. each; no 
attempt was made to determine genetic re- 
lationships. With a mechanical trephine 
4 mm. penetrating grafts were taken from 
the central area of donor eyes. The grafts 
were placed centrally in recipient eyes and 
held in place by a continuous overlapping 
000000 black nonabsorbable surgical (silk) 
suture, which was removed on about the 
12th day. 


Graft material for Group A was placed in 
freshly prepared, ice-cooled 1% BPL in 
25% glycerin (by volume) in saline, im- 
mediately incubated at 38 C for two hours, 
then washed with saline, and used within 
half an hour. Graft material for Group B 
was treated similarly but without the BPL. 
Glycerin was used in these studies because 
it was found to minimize technically trouble- 
some volume changes of the corneal tissue 
during the incubation period. For Group C 
the corneal material was grafted immedi- 
ately after its removal. Tissue cultures were 
performed according to a standard tech- 
nique,** using corneal material of full thick- 
ness. 
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Results 


At the end of one month Group A in- 
cluded 19 opaque, 1 translucent, and no clear 
grafts; Group B included 14 opaque, 1 
translucent, and no clear grafts, and Group 
C included 17 opaque, 5 translucent, and 
13 clear grafts. The appearance of grafts 
one month after surgery was as follows: 

Group A Group C 
(BPL 
in Glycerin) (Glycerin) (Controls) 
Clear 0 0 13 
Translucent 1 1 5 
Opaque 19 14 17 

At the end of two months Group A in- 
cluded 16 opaque and 1 translucent, Group B 
13 opaque and 1 translucent, and Group C 
13 opaque, 4 translucent, and 15 clear grafts. 
The appearance of grafts two months after 
surgery was as follows: 

Group A Group B 
(BPL 
in Glycerin) (Glycerin) (Controls) 
Clear 0 0 15 
Translucent 1 1 4 
Opaque 16 13 13 

Once a graft in Group A or B became 
opaque (usually within one week), subse- 
quent clearing did not occur. In Group C 
one or two showed clearing beyond that 
observed at one month. Only a small num- 
ber of those grafts clear at one month 
tended to lose clarity. From the standpoint 
of ultimate healing alone, it was felt that 
grafts in Groups A and B approximated 
those in Group C. 

In the tissue-culture studies, 40 exoplants 
of corneal tissue pretreated as in Group A 
and 80 exoplants of tissue pretreated as in 
Group B resulted in no growth, while 74 
of 76 exoplants of fresh corneal tissue pro- 
duced good growth of both epithelial and 
stromal cells. The results of tissue-culture 
studies were as follows: 


Group A Group B 
(BPL 
in Glycerin) (Glycerin) (Controls) 


Group B 


Group C 


Group C 


Exoplants 
No growth 40 80 2 
Showing 
growth 0 0 74 
Johnston et al. 


Comment 


It is apparent that corneal tissue pre- 
treated with BPL under the conditions noted 
above (Group A) resulted in grafts of poor 
optical quality, as did that of the glycerin- 
incubation controls (Group B). The tissue- 
culture studies indicated that in both groups 
nonviable grafts were being employed, and 
many reports now strongly suggest that 
viable tissue is required for successful 
optical keratoplasty. With respect to the use 
of 25% glycerin in the present studies, it is 
of interest that recent studies of corneal 
tissues exposed for only one hour at room 
temperature to various concentrations of 
glycerin have indicated that glycerin in ex- 
cess of 25% results in less extensive migra- 
tion in tissue culture and in gross physical 
changes in the tissue.*® 

From the standpoint of healing alone, the 
grafts of Groups A and B approximated 
Group C. 


Conclusion 


Exploration of BPL (B-propiolactone) in 
25% glycerin saline mixtures from the 
standpoint of a possible role in storing 
corneal tissue for keratoplasty has yielded 
uniformly negative results. 

Dr. Albert van Fossen and Dr. William Ferguson 
rendered valuable assistance in performing the 
corneal surgery. 


Department of Ophthalmology, Henry Ford Hos- 
pital (2). 
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Annual Reviews 


Strabismus 


Review of the Literature 


WEBB P. CHAMBERLAIN Jr., M.D., Cleveland 


During the year 1958 there has been 
increasing interest in the problems of 
amblyopia with emphasis on the management 
of patients with eccentric fixation. This 
concern with so-called pleoptics is ex- 
emplified by the position of importance ac- 
corded this subject in the opening of the 
Scientific Program at the Eighteenth Inter- 
national Congress of Ophthalmology in 
Brussels. 

The worth-while contributions of these 
past months, however, have by no means 
been limited to this area, and they will be 
considered under the various subjects in the 
field of ocular motility. 

The publication of “Strabismus Oph- 
thalmic Symposium II,” edited by Allen, 
should be noted as a contribution to the 
books on ocular motility. There have been 
necessary alterations and additions to the 
original symposium of six years ago, and 
reference will be made to some of the papers 
by the indivual authors. Toselli,? at the 
University of Pisa, in Italy, has published 
a comprehensive book entitled ‘“Hetero- 
phoria,” which systematically presents the 
subject material on the diagnosis and treat- 
ment of the various types of phorias. 

In this review, no attempt has been made 
to mention all of the publications which have 
appeared during the past year. 


Nonsurgical Aspects of Strabismus 


Amblyopia.—The term pleoptics was 
coined by Bangerter, of St. Gallen, Switzer- 
land, and on the continent includes all 
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treatment of amblyopia exanopsia by what- 
ever method, including conventional occlu- 
sion.*> In England and in the United States 
pleoptics has been used in the more limited 
sense to describe the diagnosis and treatment 
of amblyopia with eccentric fixation, with 
use of the visuscope, euthyscope, and 
coordinator as described by Ciippers. Begin- 
ning in Europe, on the continent, and then 
in England, and now in the United States, 
there has been mounting interest in various 
aspects of amblyopia. 

In the opening symposium at the Brussels 
International Congress, Bangerter* intro- 
duced the subject of pleoptics. He empha- 
sized the various types of amblyopia and 
their differing prognoses but stated that any 
case of amblyopia should now be considered 
curable. His plea was for early and intensive 
therapy. The basic training in the manage- 
ment of eccentric fixation is monocular, as 
has been reported in previous reviews. Dur- 
ing this phase the eccentrically fixing eye 
is occluded, except when the monocular” 
treatment is being carried out. Once central 
fixation has been established in the 
amblyopic eye, occlusion is then shifted to 
the good eye. In due course conventional 
binocular orthoptic treatment may be under- 
taken. Bangerter emphasized the importance 
of proper “after-training” to consolidate the 
normalized motor and sensory correlation. 
In continuing the discussion, Lyle stressed 
the “after-image” treatment of Ciippers and 
further pointed up the value of a proper 
orthoptic follow-through in establishing 
efficient postsurgical binocular function. 
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On the continent of Europe, the treatment 
of eccentric fixation by the methods of 
Bangerter and Ciippers has been long estab- 
lished. Fessl* reports on 15 years’ experi- 
ence at the Bangerter pleoptic school. He 
stresses the vital role of a precise diagnosis 
of eccentric fixation, and contends that oc- 
clusion of the good eye in a patient with 
eccentric fixation is definitely harmful. 

In France, Hugonnier * reports favorable 
results with Ciippers’ methods and Pigassau 
and Chadbourne ® emphasize the importance 
of intensive treatment, carried out even 
twice daily where possible. Sedan has 
written a monograph on the problem of 
maintaining the vision attained in the 
amblyopic eye. Charles Thomas '?* has 
published two papers relating to his specific 
instrument, the “foveo-fixator,” and his 
“star test” for use in the treatment of 
amblyopia. In Holland, Jonkers ™ states 
that the successful treatment of comitant 
strabismus depends on a_ well-considered 
combination of surgical, pleoptic, and 
orthoptic procedures. 

Ehrich * reports from Germany a series 
of 74 cases with eccentric fixation who were 
evaluated before and after surgery but 
received no orthoptic or pleoptic treatment. 
He found that in 34 of these patients the 
fixation of the amblyopic eye was altered 
after surgery and in 29 of these the change 
was to a more favorable position. 


Blatt and Regenbogen,’® in Romania, 
report an incidence of only 2.7% eccentric 
fixation in a series of 220 children with 
comitant strabismus. Further to the east, 
in Russia, Belostotsky and Friedman * re- 
port favorable results with Cippers method 
of treating amblyopia with eccentric fixation. 

Kamal Salman reports at the First 
Afro-Asian Congress of Ophthalmology 
that an orthoptic clinic has been established 
in Lebanon with facilities for carrying 
through Cippers’ pleoptic treatment of ec- 
centric fixators. 


Von Noorden and Burian ™ have recently 
studied the dark-adapted amblyopic eye and 
demonstrated with electro-ophthalmography 
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that there is normal fixation ability in the 
dark. On this basis they have developed a 
method of treating strabismus amblyopia. 
Oppel and Kranke ™® have also studied dark- 
adaptation in amblyopia and found a char- 
acteristic pattern. in Geneva, 
reports on the use of polarized lenses set 
at variable angles in a spectacle frame so 
as to afford partial occlusion of the dominant 
eye. Using these polarized filters the light 
intensity can be reduced 80% to 100%, 
creating a dark-adapted eye with the physi- 
ological central scotoma that is present in 
night vision. 

In England, there continues to be con- 
siderable interest in the various aspects of 
amblyopia. Perkins*! believes that “am- 
blyopia of arrest” is rare and that most 
amblyopia is secondary to active suppres- 
sion. Pugh*®* and Mayweg and Massie ** 
have indicated the importance of the specific 
manner in which amblyopia visual acuities 
are tested. They point to the discrepancy 
between acuities tested with the isolated 
letter and those in which the patient views 
the whole line. As is well known, “angular 
visual acuity” with the isolated letter is 
considerably better than “cortical visual 
acuity” where several characters may be 
seen at once. It is obvious that results can- 
not be compared unless precisely the same 
method of testing is used on every occasion. 
Downey ** indicates that the incidence of 
eccentric fixation in England seems to be 
much lower than that reported on the con- 
tinent. Douthwaite and Lee® stress the 
proper selection of cases as vital to success 
in pleoptics. Without wholehearted coopera- 
tion by the patient this complex routine is 
doomed to failure. Foster* and Wybar * 
describe their experience with the visuscope, 
euthyscope, and coordinator. Schlossman,*® 
in New York, reviews a series of 180 am- 
blyopes and compares the results of treat- 
ment by occlusion alone and by the 
after-image method of Ciippers. 

Occlusion in the treatment of suppression 
amblyopia was the subject of the panel at 
the Chicago Orthoptic Symposium in 1957. 
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This included half-lens occlusion of the 
temporal or nasal halves and total occlusion. 
Swenson ** discusses temporal occlusion of 
the lens before the convergent eye in the 
treatment of amblyopia with eccentric fixa- 
tion. She reports improved visual acuity 
and reduced angle of squint, as well as 
change in the character of fixation of the 
amblyopic eye. Stelzer?” presents occlusion 
of the nasal half of the lens before the 
diverging eye for the correction of suppres- 
sion in exotropia. Swift?* discusses the 
role of total and constant occlusion of the 
dominant eye in treating amblyopes with 
central fixation. She also mentions the use- 
fulness of occlusion in improving motility, 
particularly abduction of the convergent eye. 
Swift, Purcell,?® and Stelzer 9° comment on 
the seemingly paradoxical phenomenon of 
visual improvement following total occlusion 
of the deviating eye in amblyopia with ec- 
centric fixation. 

Continuing their study of the effects of 
hypnotic suggestion on suppression amblyo- 
pia, Browning, Quinn, and Crasilneck * 
report significant gains in visual acuity, 
particularly at close range. 

Accommodative Strabismus and the Use 
of Miotics.—Costenbader * ties together the 
several aspects of the nonsurgical manage- 
ment of strabismus including refraction, cor- 
rection of amblyopia, treatment of defective 
binocular vision, and the use of drugs. He 
recommends DFP (Floropryl) in 0.01% to 
0.03% strength daily in accommodative con- 
vergence excess and states that hyperopes of 
less than 4 D. may eventually learn to see 
well and comfortably while keeping the eyes 
straight without glasses. Stephenson,** in 
England, uses DFP 0.1% daily for the 
first two weeks and then changes to alternate 
days. Edwards * urges the substitution of 
pilocarpine where prolonged therapy is in- 
dicated, in order to avoid the development 
of iris cysts. Abraham*® recommends 
pilocarpine and DFP but still believes that 
iris cysts are no contraindication to DFP 
when used with proper supervision. 

Parks, investigating abnormal accom- 
modative convergence in esotropic and 
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exotropic children, found that more than 
one-half of each group showed over 10 D. 
difference between distance and near fixa- 
tion. This he attributes to an abnormal 
accommodation and accommodation conver- 
gence innervation (A:AC), which causes an 
exaggeration of “eso” at near but a reduc- 
tion of “exo” as close range. In accommoda- 
tion convergence excess DFP normalizes 
the A:AC while it is used, and in older 
children it seems to have a lasting benefit 
even after discontinuation of the drug. 
Parks reports that a spontaneous improve- 
ment in the abnormal A: AC can be expected 
in one-half of children with strabismus. 

Orthoptics—In a timely editorial by 
Cooper,** Executive Secretary of the Amer- 
ican Orthoptic Council, the present status 
of orthoptic practice is outlined. The or- 
thoptist is properly defined as a medical 
auxiliary, legally and professionally de- 
pendent on the ophthalmologist whose pa- 
tients she treats. The American Orthoptic 
Council, with its representatives from the 
four major ophthalmological organizations, 
serves in a sponsoring and supervisory 
capacity relating to the education, certifica- 
tion, and professional activity of orthoptic 
technicians. 

As to the general value of orthoptics, 
Fleming ** found two-thirds of her series 
of 50 consecutive referrals were apparently 
benefited by orthoptic treatment. Wal- 
raven ** suggests the usefulness of properly 
prescribed home exercises even in a patient 
of unfavorable prognosis who could not 
make regular or frequent visits to the 
orthoptic clinic. Berens, Brackett, and 
Taylor*® recommend diverging exercises 
with the prism bar, while maintaining fu- 
sion on small print, as beneficial in patients 
exhibiting overconvergence in reading. 
Parsons and Salisbury *! would treat accom- 
modative convergence excess with orthoptics 
rather than miotics, attempting thereby to 
improve coordination of the accommodation 
convergence relationship. Sutcliffe urges 
the use of dissociation exercises in the 
management of accommodative convergence 
excess. 
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Mary Kramer * emphasizes the impor- 
tance of controlling suppression during the 
binocular training of accommodative eso- 
tropes. In addition to proper refractive 
support, partial occlusion should be used as 
indicated. 

In Italy, Caprara** points to the asso- 
ciation of convergence insufficiency with 
esophoria or low-grade hyperphoria as well 
as exophoria. Symptoms are related to the 
use of the eyes in close work and partic- 
ularly to the temperament of the patient. 
Orthoptic exercises are highly beneficial. 
Nawratski and Avrouskine * further em- 
phasize psychogenic factors in convergence 
insufficiency and observe that symptoms are 
often far out of proportion to the objective 
findings. They suggest psychotherapy for 
the anxiety and fear of failure. Ten Does- 
schate, in Amsterdam, however, cautions 
against ascribing symptoms to mild degrees 
of heterophoria when they may really be 
due to basic psychological factors. The re- 
lief of symptoms by orthoptic exercises in 
patients with psychogenic factors is obvi- 
ously difficult to evaluate. 

Berke studied the value of orthoptic 
exercises in achieving postoperative third- 
degree fusion and found that amblyopia of 
20/50 or worse in one eye prevented a 
functional result. He found in his series of 
256 patients that orthoptics were useless in 
the presence of a residual horizontal devia- 
tion of over 10 D. or a hypertropia of more 
than 2 D. Orthoptic exercises were of 
little apparent help in improving the good 
results expected when a deviation has been 
present less than 50% of the patient’s life- 
time. Orthoptic exercises were unnecessary 
in attaining a functional result in inter- 
mittent squint, because 100% of such pa- 
tients developed third-degree fusion without 
exercises. In constant squint dating from 
birth, postoperative third-degree fusion was 
not obtained even with extensive orthoptic 
exercises. He concluded that in only 5% 
of cases were orthoptic exercises apparently 
indispensable in attaining a functional re- 
sult. Berke ** emphasizes that no statistics 
of postoperative functional results are valid 
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unless the nature of the case and the age 
of onset are considered, as well as the 
criteria for a functional result. 

In discussion, Costenbader* did not 
agree that congenital strabismus never ob- 
tains a functional result or that orthoptics 
is of no value. He suggests that patients 
with poor vision be given active and ener- 
getic treatment for amblyopia and suppres- 
sion. 

Kraft and Hotte, in Germany, favor 
surgery as the first step in the treatment of 
amblyopia, stating that vision improves in 
many amblyopic eyes even with eccentric 
fixation after the alignment has been cor- 
rected. Where pleoptic treatment is still 
necessary, they observe that the euthyscope 
can be used more efficiently when the eyes 
are straight. Such patients have been hos- 
pitalized as long as seven weeks after 
surgery, while pleoptics is carried out. 
Again, there are obvious economic difficul- 
ties involved in considering such an inten- 
sive and prolonged routine in this country. 

With reference to this problem of fusion 
after surgery, Parry*! investigated long- 
term end-results in a selected series of 49 
concomitant strabismus cases 10 years after 
operation. Twenty-one patients had fusion 
before surgery and at the time of discharge, 
and all had retained this fusion. Five pa- 
tients discharged cosmetically straight but 
without fusion had acquired single binocular 
vision and some fusion. Twenty patients 
discharged cosmetically straight had re- 
mained in good alignment. These surpris- 
ingly good results perhaps indicate that 
unhappy patients do not return for a long- 
term check-up. 

In lecturing on normal and anomalous 
retinal correspondence, Burian ®? provides 
a critical review of recent publications on 
this subject, bringing up to date some of 
the concepts and terminology on the sen- 
sory relationships of the retinas in comitant 
strabismus. He indicates that there are still 
the two schools, (1) those who believe 
ARC is a serious obstacle to the attainment 
of binocular vision that should and can 
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be adequately treated before surgery and 
(2) those who believe that there is no rela- 
tion between surgical results and the status 
of retinal correspondence. He points to the 
need for a proper study and evaluation of 
this problem by qualified experts in this 
field. 

Gértz* describes the phenomenon ob- 
served in the treatment of anomalous retinal 
correspondence in which the angle of anom- 
aly may gradually decrease until the sub- 
jective angle and the objective angle are 
the same and there is normal retinal corre- 
spondence. 

Acute Concomitant Esotropia: Reports 
on concomitant esotropia of acute onset in 
more mature patients have led to some con- 
fusion in the literature as to the nature 
of this condition and its proper diagnosis. 
Burian and Miller ®* describe three types: 
(1) those following artificial interruption 
of fusion, such as seen after patching for 
foreign body; (2) strabismus of the Fran- 
ceschetti type, characterized by acute onset 
with diplopia, large angle of squint, absence 
of any paralysis, and good potential binocu- 
lar cooperation; (3) acute esotropia of the 
Bielschowsky type, characteristically with 
myopic refractive error, onset with psychic 
or physical shock, crossed diplopia for dis- 
tance but no true paralyses, although per- 
haps slight limitation of abduction. They 
conclude that acute comitant esotropia does 
not differ basically from other esotropias, 
although the course and symptoms are in- 
fluenced by the more mature age at the 
time of onset. Amidei,®®> Pascal,5* and 
Meisner ** add case reports of acute con- 
comitant strabismus. 

Diagnostic Instruments and Methods.— 
Stanworth ** has modified a major amblyo- 
scope so that conditions more nearly 
simulate everyday use of the eyes. It makes 
possible an evaluation of the angle of squint 
and the patient’s binocular status but sup- 
posedly reduces so-called instrument con- 
vergence. 

Kriiger ® describes an electronic flash in 
the shape of a star and states that it is 
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helpful in teaching children to recognize 
an after-image. 

Viefhues and Kuhnhardt®™ criticize vi- 
sion-testing in amblyopia that depends on 
the observation of moving alternate black 
and white lines and the objective determina- 
tion of that thickness of line where opto- 
kinetic nystagmus stops. They believe visual 
acuity obtained in this manner is inaccu- 
rately high because light sensitivity of the 
retinal periphery and not true visual acuity 
is recorded. Grzibek and Sachsenweger * 
use a similar method of objective visual 
acuity measurement with use of a rotating 
drum and observation of the point of ter- 
mination of optokinetic nystagmus. Recog- 
nizing the limits of this method, they feel 
that it still has value. 

Walter ® recommends modified clocks in 
checking visual acuity, with black blocks 
replacing the numbers on the dial, and 
believes it is a useful screening method. 
For testing vision in children, Jonkers ® 
concludes that letters or symbol E’s are 
superior to pictures, numbers, or the Lan- 
dolt rings. Fonda urges the use of the 
standard vision charts at shorter ranges to 
give better gradation in the evaluation of 
amblyopes of high degree. The child should 
be tested at 10 ft. or less when vision is 
below 20/200. Deering®™ places emphasis 
on preschool screening for eye defects, be- 
cause a valuable opportunity to treat ambly- 
opia has already been lost by the time 
school age is reached. 

Pavia Lijo® suggests the use of a double 
exposure of the squinting eye as a means of 
photographically evaluating eye position on 
the basis of the corneal reflex from a single 
light source. One exposure of the squinting 
eye is taken with the dominant eye fixing, 
and a second exposure of this eye is taken 
with the deviating eye fixing. The two light 
reflexes are thus recorded on the same film, 
and any shift in position may be noted. 

Trotter and Stromberg ® describe a linear 
electronic flash tube for use as the light 
source in the after-image test for determin- 
ing retinal correspondence. In spite of its 
very short duration, the high intensity of 
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light affords a vivid and persistent after- 
image. Because only momentary fixation is 
required, younger children may be tested 
by this device. 

A short method of treating anomalous 
retinal correspondence is described by 
Tibbs ® that includes total occlusion, work 
on the major amblyoscope, and carefully 
prescribed home exercises on her traco- 
graph. 

For use in offices or clinics handling a 
volume of motility patients, a punch-card 
clinic record is recommended by Wheeler. 
This permits easy evaluation and analysis of 
clinical or surgical material on strabismus 
patients. 

Keeney and Duerson™ have devised a 
near-vision card based on the Snellen 
principle, incorporating simplified sentence 
structure, letters of the same size, and a 
minimum glare. 


General Aspects of Surgical Treatment 


In the management of strabismus surgery 
there continues to be emphasis on early 
surgery and symmetrical surgery. Perhaps 
there has been less reference to the so-called 
“AV syndrome.” 

Relating to the general complications of 
surgery is the problem of the oculocardiac 
reflex which was investigated with electro- 
cardiograms during eye-muscle surgery by 
Bosomworth, Ziegler, and Jacoby,”! working 
at Ohio State. They found slowing of the 
pulse in 23 out of 28 patients. Additional 
disturbances including nodal rhythm, auric- 
uloventricular block, and bigeminal rhythm 
were experienced in nine patients, and the 
greatest alterations followed traction on the 
medial recti. In no case was the oxygen 
or carbon dioxide content of arterial blood 
abnormal. Intravenous atropine seemed to 
reduce the incidence of cardiac changes, 
especially in the first half-hour. Surprising- 
ly enough, the use of retrobulbar injection 
was not effective in eliminating changes in 
the cardiac rate or rhythm. The authors 
conclude that a careful monitoring of the 
pulse during surgery on the eye muscles 
is essential. 
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In contrast, Rhode et al.,72 in Caracas, 
Venezuela, studied clinical cases and experi- 
ments on dogs and concluded that muscle 
surgery could not be responsible for cardiac 
arrest but that these accidents observed by 
others were due to anesthesia. 

In New Zealand, Ring ™ has adopted the 
symmetrical surgery approach to the treat- 
ment of concomitant esotropia in young 
children. He recommends a recession of 
each medial rectus to a maximum of 5 mm. 
and combines this with a bilateral myomec- 
tomy of the inferior oblique when there 
is significant overelevation on adduction. 
He prefers to operate by 3 years of age and 
considers himself unconventional in not 
patching either eye. 

Tour and Asbury™ also report a pref- 
erence for symmetrical surgery in esotropia 
and have found good results with 4 mm. 
bimedial recessions but overcorrections with 
5 mm, bimedial recessions. 

Lavat and Canque,” in France, favor 
symmetrical surgery combined with proper 
orthoptics. In Britain, Bridgeman ™ makes 
a plea for early surgery in congenital 
squints, frequently operating by 9 to 12 
months of age. 


Haensel 7 agrees with myomectomy of 
the inferior obliques at their origins in pa- 
tients with elevation of the adducted eye. 
This is urged as early as one year of age 
and apparently in combination with appro- 
priate symmetrical surgery of the horizontal 
rotators. 


Reports have appeared from various 
countries relating to oblique surgery for 
treatment of the so-called “A-V syndrome.” 
Urist ™ contends, however, that the “A” 
and “V” syndromes can be caused by dys- 
function of the primary horizontal rotators. 
In the “V” syndrome, with apparent over- 
action of the inferior obliques, the dysfunc- 
tion is due to overaction of the medial recti_ 
in “V eso” and overaction of the lateral 
recti in “V exo.” In the “A syndrome,” 
with apparent underaction of the inferior 
obliques, the primary dysfunction is under- 
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action of the lateral recti in “A eso” and 
underaction of the medial recti in “A exo.” 

There are a number of publications relat- 
ing to specific surgical techniques. In To- 
ronto, Morgan and Arstikaites 7 report on 
their recent success with marginal myot- 
omies as a substitute for the recession oper- 
ation on the medial rectus. They have 
experienced 91% good results with only 
two cases losing convergence. They hope 
that long-term follow-ups will show fewer 
cases of secondary divergence. 

In Holland, Huijsmans ® reports on the 
results of a stretching technique applied to 
the eye muscles after use of a hyaluronidase 
preparation. He apparently was able to 
eliminate some of the overaction of muscles 
by this method of stretching with fixation 
forceps. He has experienced no case of 
cardiac arrest but does his procedure under 
anesthesia with retrobulbar akinesia. 


From Jugoslavia, Sokolic *' describes a 
modified tucking procedure which appar- 
ently involves a double folding of the mus- 
cle, which he believes is more secure than 
the conventional tuck. Lavat,®* in Paris, 
reports on his use of the O’Connor method 
of muscle shortening. He removes the 
suture once he is satisfied with the degree 
of correction and particularly recommends 
this procedure for the vertical muscles. 


Despite the emphasis that has been placed 
on symmetrical surgery, Urist * points out 
that there are still situations that specifically 
call for asymmetrical surgery. In a paretic 
or incomitant defect it is obvious that an 
asymmetrical procedure may be necessary. 
As would be expected, the greatest effect 
is in the field of action of the muscle in 
question, e. g., the medial rectus on adduc- 
tion, the lateral rectus on abduction. In 
combined surgery, the greatest effect is in 
the direction of the recessed muscle, e. g., 
the direction of the recessed medial rather 
than the resected lateral in esotropia and 
the direction of the recessed lateral rather 
than the resected medial in exotropia. 


Exotropia.—In discussing exotropia, 
Jampolsky ** points out that this is char- 
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acteristically a disorder of “visual adults.” 
Constant exotropia is characterized by pro- 
found sensory motor anomalies, in contrast 
with exophoria and intermittent exotropia. 
For the surgical treatment of monocular 
exotropia he recommends a full recession 
of the lateral rectus up to 8 mm. combined 
with a resection of the medial rectus. In 
constant alternating exotropia of large de- 
gree he would operate on all four horizontal 
recti at one session, doing a full bilateral 
recession of the lateral recti, a full resection 
of one medial, and a lesser shortening 
operation on the other medial. 

In considering divergence excess, John- 
son ® follows Costenbader’s criteria: (1) 
exophoria or exotropia for distance but 
normal binocular alignment for near; (2) 
intermittence; (3) near point of conver- 
gence and prism convergence good. The 
author favors a bilateral recession of the 
lateral recti of 7 to 9 mm. regardless of 
the amount of deviation. He has found that 
smailer amounts of surgery in deviations of 
less than 25/\ exotropia give disappointing 
results, and the resection-recession opera- 
tion was found to give incomitance and less 
percentage of binocularity. The presence of 
an associated vertical imbalance had sur- 
prisingly little effect in preventing good 
correction when the proper horizontal sur- 
gery was done. Patients with myopia ap- 
parently had a poor prognosis. Cases with 
less than 25 D. exophoria-exotropia had 
the best postoperative results. 

In his lectures on divergent deviations, 
Knapp ** deals with various aspects of this 
problem. He quotes that 85% of divergence 
anomalies are intermittent, becoming mani- 
fest only at different times and at different 
distances. Present terminology seems to 
favor the term intermittent exotropia in 
describing these cases. Knapp comments 
that a large percentage of so-called diver- 
gence excess patients may be exophoria at 
20 ft. but exotropia at 200 ft. or when 
attention wanders. He finds prism meas- 
urements inadequate by themselves in eval- 
uating the importance of the degree of 
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intermittency. A surprisingly small per- 
centage of these intermittent exotropias will 
go on to constant exotropias for distance 
and near. 

With reference to the treatment of inter- 
mittent exotropia, Knapp agrees that cor- 
rection of refractive error is of negligible 
benefit, as is overcorrection with minus 
spheres. Orthoptic converging exercises 
are of questionable help and may lead to 
overconvergence if the child later requires 
surgery. However, antisuppression exer- 
cises aimed at eliminating the hemiretinal 
suppression may certainly be of great bene- 
fit. Every patient should, if possible, be 
taught consciousness of diplopia when the 
eyes are deviating, if necessary with use of 
a colored filter. Knapp would seem skep- 
tical that intermittent exotropia can be 
cured by the routine outlined by McPhail 
but feels orthoptics should be used only as 
a supplement to surgery in these patients 
with divergence excess. 

Vertical and Horizontal Noncomitant 
Strabismus.—A prominent contribution to 
the subject of incomitant vertical strabismus 
during recent years has been Brown’s rec- 
ognition of the so-called “sheath syndrome 
of the superior oblique” as a factor in ap- 
parent paralysis of the inferior oblique. 
His thesis,** published in 1958, on “Isolated 
Inferior Oblique Paralysis” details the diag- 
nosis and management of this condition. In 
evaluating 97 cases he concludes that struc- 
tural anomalies of the inferior oblique itself 
can be ruled out as a cause of complete 
paralysis of this muscle. In addition to a 
shortened anterior sheath of the superior 
oblique, he believes there may be in some 
cases a defect at the neuromuscular junc- 
tion of the involved inferior oblique. 

In diagnosis of sheath syndrome Brown 
enumerates (1) complete paralysis of the 
inferior oblique with inability to elevate the 
eye in full adduction; (2) little if any sec- 
ondary contracture of the opposing superior 
oblique; (3) the ability to elevate the eye 
increases in a straight line progression as 
the eye is abducted; (4) muscle balance in 
the temporal field is normal; (5) the palpe- 
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bral fissure of the affected eye widens as 
the eye is adducted; (6) the horizontal 
position of the eyes in the straight-ahead 
position may become divergent as the eyes 
are moved upward. 

Surgery is not indicated in a patient 
with sheath syndrome who has fusion in 
primary position and in the reading position 
without tilting the head. 

Costenbader and Albert ®* report spon- 
taneous regression in a patient with pseudo- 
paralysis of the inferior oblique, indicating 
that anatomical anomalies do not account 
for all cases of inferior oblique underaction. 

Agenesis of the medial rectus muscle has 
been treated successfully with split tendon 
transplants from the vertical recti by Girard 
and Neely,®* duplicating again Hummel- 
sheim’s original monkey experiment. They 
point to the danger of iris necrosis and 
iridocyclitis after simultaneous detachment 
of all four rectus muscles. 

In Italy, Toselli and Guzzinati ® and in 
Britain, Johnstone *' report on the effective- 
ness of the classical Hummelsheim proce- 
dure for correction of sixth nerve paralysis 
by transplantation of the split tendons of 
the vertical recti to the lateral rectus. 


Tenon’s capsule has been used by Adler * 
to repair muscles which have been destroyed 
surgically. Tongues of the fascia are 
brought forward and attached to the muscle 
stump. He found a surprising improvement 
in the appearance and function, suggesting 
some connection with the retracted muscle. 

The differential diagnosis between bilat- 
eral sixth nerve paralysis and divergence 
paralysis is discussed by Bedrossian.™ He 
states that in divergent paralysis the fields 
of fixation extend temporally in the lower 
field, whereas in bilateral sixth nerve paral- 
ysis fixation is limited in the entire temporal 
field. 


In a review of 1,000 cases of paralysis of 
the third, fourth, and sixth nerve, Rucker ®* 
reports no cause was found in 28% and 
head injuries accounted for 17%, brain 
tumor 17%, vascular disease 15%, and 
aneurysm of the circle of Willis 11%. 
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Diabetic neuropathy was designated as 
the cause of extraocular muscle paralysis 
in six cases reported by Snydacker.® 
With proper control of diabetes the prog- 
nosis is supposedly good. 

In the diagnosis of isolated cyclovertical 
muscle palsies, Parks ® emphasizes the 
ease with which one may determine whether 
the hypertropia increases on dextroversion 
or on levoversion. Then it is also a simple 
matter to ascertain whether the hypertropia 
increases when the head is tilted to the 
right shoulder or to the left shoulder. As 
a general principle in surgery of the vertical 
rotators, he would operate to weaken the 
direct antagonist if there is contracture. 
Otherwise the procedure of choice would 
be a recession of the normal yoke muscle, 
providing there is fixation with the paretic 
eye. 

Hugonnier ® observes that ocular torti- 
collis can pass unnoticed unless the possi- 
bility is kept in mind. While a head tilt 
is not an infallible sign of a vertical muscle 
anomaly, it is often a clue and aid in diag- 
nosis. A compensatory head tilt is consid- 
ered an indication that fusion is present. 

Girard *® describes his method of inferior 
oblique recession performed after detach- 
ing the lateral rectus and with freeing of 
fascial connections. He quotes Berens’ rule 
that 1 mm. retroplacement of the inferior 
oblique will provide 1A correction in pri- 
mary position or 2/\ in the field of action of 
the inferior oblique. 


Basic Science 


A number of papers dealing with basic 
science have already been considered in 
relation to the various aspects of ocular 
motility. 

Breinin ® completed his series on electro- 
myography in ocular and neurologic diag- 
nosis with a section on supranuclear lesions. 
In a brain-tumor patient with an esotropia 
greater on distance fixation—a divergence 
paralysis—there was decreased innervation 
to the lateral recti, which would be in accord 
with the concept of a divergence center. 


Chamberlain 


He concludes that the extraocular muscles 
“behave in a manner consonant with classi- 
cal Sherringtonian physiology.” 

Breinin also published a comparison 
of the electromyography of ocular and pe- 
ripheral skeletal muscles, revealing a funda- 
mental similarity. Integrating techniques 
and the various circuits are described. The 
combination of electronic integrating and 
differentiating techniques open new avenues 
of investigation. 

Electromyographic studies on asymmetric 
convergence were carried out by Tamler, 
Jampolsky, and Marg.! They report a 
simultaneous increase in electrical activity 
of both medial and lateral rectus muscles 
of the stationary eye. This finding is in 
agreement with Hering’s theory that there 
is a balance between vergence and version 
stimuli in the stationary eye. 

A significant electromyographic contribu- 
tion by Miller 1 points out that very quick 
versions or saccadic eye movements are 
induced by a sudden burst of motor activity 
which is followed by an orderly firing pat- 
tern. In contrast, electromyograms of ver- 
gence movements have a slow acceleration 
which persists over a longer period. 

In Japan, Momosse ™ evaluated quan- 
titative measurements of action potentials 
of eye muscles with use of the integrator. 
In horizontal movements he found the ver- 
tical rotators maintaining a constant level 
of electrical activity, supporting the concept 
of cocontraction. 

Nawratzski and Jampolsky* demon- 
strated a marked nasal temporal hemiretinal 
difference in amblyopic exotropes, with use 
of a special adaptation of the Harrington- 
Flocks screener. 

The different theories of stereopsis have 
been summarized and evaluated by Ogle.’ 
He indicates the usefulness of Hering’s 
concept of retinal depth values. He ob- 
serves that stereopsis is somehow related 
to the processes of fusion in binocular vision. 
Ogle points out that it is possible to judge 
the distance of objects even if their images 
are so disparate as to produce diplopia. 
Depending on whether the double images 
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are crossed or uncrossed, they appear far- 
ther or nearer than the fixation point. Ogle 
and Weil report that there is a rapid 
decrease in stereoscopic acuity associated 
with reduction in the time exposed to the 
stimulus. Regardless of how short the ex- 
posure time, however, the stereoscopic im- 
pression occurs immediately. There is no 
delay between the instant of exposure and 
the depth response, such as might be ex- 
pected if a cortical elaboration of the stim- 
ulus was required. 

Sachsenweger # indicates the various 


aspects of sensory fusion in the normal per- ’ 


son. He demonstrates that in binocular 
vision an object seems to be displaced to 
the side of the dominant eye. 

In the last Annual Review on strabismus, 
Parks #* summarized the status of fixation 
disparity. This year, Ogle ® has contrib- 
uted to this interesting academic discussion 
a paper relating fixation disparity and oc- 
ular muscle imbalance. It is his opinion that 
fixation disparity may prove to be a useful 
tool in the investigation of more mature 
patients. 

Studying the etiology of concomitant 
strabismus, Doden ™° examined strabismic 
patients with Jung’s electronystagmographic 
method and found nearly 50% of this series 
had lesions of the opticovestibular coordina- 
tions which take place in the brain stem. 

Cogan ' describes some interesting ob- 
jective and subjective observations on the 
vestibulo-oculo system resulting from loss 
of labyrinthine function. These indicate the 
important role of the normal labyrinth in 
fine fixation and follow movements. 

A temporary artificial paresis of extra- 
ocular muscles has been produced by 
Schenk "* with the injection of “Rhaeto- 
caine,” the akinesia persisting as long as 
one week. He suggests a possible use in 
surgically overcorrected strabismus. 

Knoll ** has devised torsion demonstra- 
tions with a Gimbal projector which can 
be rotated around the axes of Fick, thus 
stimulating the situation in rotations of the 
globe. It is suitable for teaching and shows 
the amount and direction of torsion or 
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wheel rotation as the eye is carried into the 
tertiary positions. 

Rados and Scholz ** describe a case of 
pseudostrabismus due to heterotopia of the 
macula. Although there seemed to be a 
gross deviation of the eye, there was no 
shift on covering. This constitutes a large 
anomaly of the angle-x on a pathological 
basis. A somewhat similar case has been 
reported by Hugonnier and Royer,™® who 
describe a patient with pseudostrabismus 
simulating exotropia due to displacement of 
the macula by retrolental fibroplasia. 


Jacobson et al." have studied the elec- 
trical activity of the ciliary body with use 
of a microelectrode fastened in a contact 
lens. There seem to be electrical discharges 
associated with accommodation. 


The relationship between vergence and 
accommodation has been studied by Al- 
pern,"!* who demonstrated that changes in 
target size can produce changes in vergence 
even when accommodation is held fixed. 
He has also shown that accommodative ver- 
gence follows accommodative response even 
when the accommodative stimulus remains 


fixed. 


There are a number of good publications 
that have been omitted from comment in 
this review on strabismus. Some of these 
are listed in the added bibliography, where 
they may be available as reference material. 


Hanna Building, Room 1324, 1422 Euclid Ave. (15). 
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Correspondence 


MULTIPLE TARGETS IN VISUAL FIELD EXAMINATIONS WITH A TANGENT SCREEN 


To the Editor:—In the November, 1958, issue of the A. M. A. ARCHIVES 
oF OpHTHALMOLOGy, Dr. Robert W. Zeller has written a paper called “Multiple 
Targets in Visual Field Examinations with a Tangent Screen,” wherein at the 
end of the summary he kindly credits me with the following: “The use of paddles 
to carry targets in tangent screen work was first suggested to me by Dr. Max 
Chamlin several years ago. To my knowledge, however, he has not used more 
than one target on the paddle.” 


Since Dr. Zeller makes a special point of the use of multiple targets on one 
paddle, I would like to correct his impression by referring him to a paper entitled 
“Minimal Defects in Visual Field Studies,” which I read before the Section of 
Ophthalmology, New York Academy of Medicine, April, 1948, and had published 
in the Archives of Ophthalmology in August, 1949 (42:126-139). In this article, 
on page 138, I describe the paddles mentioned, with two test objects instead of 
one, mounted on the same carrier. 

Dr. Zeller then goes on to describe the technique of picking up level differences 
and qualitative differences on both sides of the vertical meridian. The basic 
concepts of these techniques are fully described in my 1948 paper mentioned 
above on pages 129 and 134. 

He then applies the principle of simultaneous stimulation to pick up very 
early central defects. Actually, he compares central area with eccentric area at 
the same time. This is not a very safe technique for picking up minimal defects 
because he is comparing two areas which are unequal in visual efficiency to start 
with and therefore may easily miss an early central defect. Actually, this principle 
could be made applicable for detection of early caecocentral defects if one places 
a test object in the caecocentral area between 3 and 10 degrees from fixation and 
another one on the other side of fixation equidistant from the fixation point. 
Thus, one compares two areas of field which are normally equal in visual function 
and can thereby pick up really minimal differences. 

A much more important and clinically useful application of the same principle 
is the detection of early nerve fiber bundle defects with use of test targets simul- 
taneously above and below the horizontal line on the nasal side of fixation, as 
in early cases of glaucoma. These methods of use of multiple targets on the 
conventional tangent screen will be found in the brochures put out annually by 
the American Academy of Ophthalmology and Otolaryngology describing my 
course in perimetry on “Techniques for the Detection of Minimal Defects.” 
These have been in print annually for at least five years. 

Finally, a word about the choice of test objects that Dr. Zeller suggests. He 
says, “the size of a test object used will vary with the visual acuity of the patient 
being tested.” , 

Since the central visual acuity depends on the quality of the field almost imme- 
diately around fixation, that is, for a distance of 2 or 3 degrees, it would be wrong 
to lay down a rule of thumb for the size of test objects when testing the area 
about 10 degrees or so from fixation, which is the area most frequently tested 
for early minimal defects as in chiasmal tumors. For example, if there should be 
a central scotoma involving 2 or 3 degrees of field around fixation, visual acuity 
may be reduced to a very marked degree, but, nevertheless, the field at 10 or 
15 degrees may be perfectly intact and therefore a 1/2,000 test object may still 
be utilized very readily in that area. This point is much more thoroughly dis- 
cussed in my article entitled “Choice of Test Objects in Visual Field Studies” 
(Am. J. Ophth. 35:381 [March] 1952). 
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A basic principle involved in the use of simultaneous stimulation for minimal 
defects is to use minimal stimuli for the particular isopter being examined. On 
the tangent screen, such a minimal isopter is that for 1/2,000 white, and this has 
been well known since 1915, when Dr. Walker first described the value of this 
test. The use of a 3/2,000 white, as Dr. Zeller suggests, is not a minimal test 
in this area. Furthermore, reliance on 3/2,000 white in this area may easily lead 
to an oversight of a defect which can readily be picked up with 1/2,000 white, 
even without simultaneous stimulation. As a matter of fact, it would seem to me 
that if such defect is to be picked up with simultaneous stimulation with use of 
3/2,000 white, there might easily be an absolute defect for 1/2,000 white. 

To pursue this point further, the isopter for 3/2,000 white undoubtedly 
reaches out to about 28 to 40 degrees.* Therefore, minimal testing with 3/2,000 
white would be applicable in the area somewhere beyond 20 or 25 degrees, up 
to 28 and 40 degrees, an area beyond clinical usefulness on the usual tangent 
screen. For the above reasons, as described in the brochures on minimal tech- 
niques describing my course at the Chicago meetings in October. I have been 
advocating the insertion of two 1 mm. white pins into comparable areas of the 
tangent screen for simultaneous stimulation, preferably between 8 and 15 degrees 
from fixation and well to either side of the vertical meridian, particularly for 
detecting early evidence of chiasmal interference. 

The development of new techniques for the application of established principles 
is to be encouraged. However, even new techniques should be guided by the 
limits of those basic principles involved. 


Max CHAMLIN, M.D. 
8 E. 77th St. 
New York 21 


*In an article recently published in the A.M. A. ArcHives oF OPHTHALMOLOGY (61 :608 
[April] 1959) entitled “An Isopter in the Intermediate Field of Vision,” I have found the isopter 
for 1.3/750 white to extend to between 32 and 48 degrees. The visual angle for 1.3/750 is 0.099 
degrees. The visual angle for 3/2,000 white is 0.085 degrees, slightly smaller than that for 
13/750. Therefore, it is very likely that the isopter for 3/2,000 white extends to somewhere 
between 28 and 40 degrees. 


To the Editor:—Several years ago Dr. Max Chamlin was kind enough to 
allow me to observe his methods in New York. I have always been very appre- 
ciative of Dr. Chamlin’s efforts. He gave unsparingly of his time and knowledge. 
At the time Dr. Chamlin was using a single target on a paddle, such as he has 
described in an article. I do not recall his using more than one target on a paddle. 

A few years ago when I was attempting to find a technique of testing for 
visual extinction with standardized targets, I utilized Dr. Chamlin’s paddles and 
used multiple targets on the paddles. From this it was only a short step to using 
it with the tangent screen. When I scanned the literature in preparation for 
writing my paper, I went through several articles and also went through the article 
mentioned by Dr. Chamlin. I missed his reference to multiple targets on a single 
paddle. I probably missed it because it occupies the last few paragraphs of a 
relatively long article. 

In the article, Dr. Chamlin states that two targets can be used on a paddle 
but “separate holders are probably better.” Further on he states, “This method 
of simultaneous stimulation shows promise of becoming very useful in eliciting 
minimal defects but I have not yet studied it fully enough to present any cases 
at present.” Dr. Chamlin does not include any mention of the multiple targets in 
his own summary of his article. 

On the basis of Dr. Chamlin’s 1949 article I am perfectly willing to yield 
priority to him. Suffice it to say, I think the method is a good one. The method 
is not discussed in three recent textbooks on perimetry (Scott-Traquair, Zuck- 
erman, and Harrington) and deserves publicity. 
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Regarding the discussion of target size to use, as I said in my article, it is 
very obvious that the visual acuity of the subject will determine the size of the 
target used. Unfortunately, I found that with very small targets, 0.5 mm, or 1 
mm., the number of confusing responses is vastly increased. Certainly one can use 
the smaller targets on some patients, and they are very valuable, but for routine 
checking as part of a screening technique, the use of the slightly larger targets 
will confuse the patient and examiner less often. 


Ropert W. M.D. 
603 Mayer Building 
Portland 5, Ore. 
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OPHTHALMIC PLASTIC SURGERY : 
DEMONSTRATIONS AND 
DISCUSSIONS, WITH SPECIAL 
REFERENCE TO ENUCLEATION 
AND EVISCERATION 


Evisceration. WENpELL L. Hucues, M.D. 

Of recent years, especially since the rise 
and fall of the use of open-faced integrated 
implants, there has been a great increase in 
the popularity of evisceration as compared 
to enucleation. At a meeting of the Com- 
mittee on Prosthesis held in connection with 
the American Academy of Ophthalmology 
and Otolaryngology, evisceration was voted 
the procedure which gave the best postop- 
erative results by about nine to one. 

The indications for evisceration or enu- 
cleation and the potential dangers of evis- 
ceration are common knowledge (before an 
audience of this nature), but a comparison 
of the mechanics involved in the different 
procedures might prove useful. Inasmuch 
as simple enucleation is seldom performed 
in this country and simple evisceration is 
usually a procedure one is forced to use 
on account of infection, I will not consider 
them for the purpose of this presentation. 
When an enucleation is performed the con- 
junctiva, muscles, and fascia are of neces- 
sity stretched forward if some type of 
implant is used. The shortening of the 
conjunctival lining of the socket thus pro- 
duced tends to pull on the fornices, thereby 
producing a shallowing of the socket. 
Shallowing of the fornices is particularly 
noticeable horizontally and is aggravated 
by the pulling forward of the fascia bulbi 
and muscles with the attachment of the 
check ligaments. On account of this shal- 
lowing, or flattening, of the fornices, there 
is insufficient room for the artificial eye 
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to rotate, and thus movement of the eye is 
materially limited. The shape of the pos- 
terior surface of the artificial eye or buried 
implant matters only slightly if the margin 
of the prosthesis is obstructed in its ex- 
cursion and cannot rotate freely. 

The incorporation of a magnet in the 
implant should permit greater movement if 
the artificial eye is unrestricted. However, 
from practical standpoints I have seen very 
little improvement in the motility of the 
eye in cases in which a magnetic implant is 
inserted, as compared with the nonmagnetic 
implant. If some means of deepening the 
fornices can be achieved, considerable in- 
crease in the range of motility of the pros- 
thesis will result. Usually the range of 
motility of an artificial eye after enucleation 
is better temporally than medially because 
the medial check ligament is frequently 
tightened by pulling forward more than the 
lateral. In some cases where the upper 
fornix has not been foreshortened the up- 
ward movement of the eye is fairly good. 
Likewise when the lower fornix is deep and 
is pulled downward by its attachment to the 
tissues acted upon by the inferior rectus, 
downward movement of the eye is not re- 
stricted. 

It is generally conceded that motility is 
better after routine evisceration than enu- 
cleation. Considering the afore-mentioned 
factors, particularly the depth and freedom 
of the fornices, the deeper the fornices and 
the better they move with the recti muscles, 
the more responsive the artificial eye will be. 
The retention of the depth of the upper 
fornix in evisceration with intraocular im- 
plant partially accounts for the absence of 
sinking of the upper lid which occurs so 
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frequently after enucleation. Another fac- 
tor in this is the support made possible by 
close fitting of the artificial eye onto the 
greater convexity of the globe. A third 
factor is that the artificial eye itself is less 
bulky than the eye fitted after enucleation. 
The good support of a thin shell eye ac- 
counts also for the absence of stretching 
effect on the lower lid seen after enuclea- 
tion, especially in older people where the 
lower lid often stretches and the lower 
fornix becomes shallow. Not infrequently 
the artificial eye slides out. After enuclea- 
tion the weight of the artificial eye is borne 
almost entirely by the lower lid. If the 
lower lid is held down, the eye falls out. 
After evisceration a properly fitted eye will 
stay in place even if the lower lid is pulled 
down away from it. 

There are two main types of evisceration 
with implant, namely, the type in which the 
cornea is excised and the type in which the 
cornea is preserved. When the cornea is 
excised the incision is usually extended into 
the sclera horizontally or otherwise to allow 
room for the insertion of an intraocular 
implant. Even some additional sclera is 
frequently removed in planning an over- 
lapping closure of the scleral envelope. By 
making an incision of sufficient length pos- 
teriorly in the sclera it is possible to put 
in a larger implant than is feasible other- 
wise. The conjunctiva is closed over the 
scleral closure. In this procedure there is 
shortening of the anterior portion of the 
globe and thereby a pulling forward of the 
site of the muscle insertion. This has some- 
what the same effect, although less, on the 
depth and flexibility of the fornices as in 
the enucleation technique. Preservation of 
the depth and freedom of the fornices is 
best accomplished by the type of eviscera- 
tion in which an intraocular implant is in- 
serted within the sclerocorneal envelope 
without excision of any of the anterior part 
of the eye. There is minimal change in 
the shape and size of the eye, the normal 
relations of the muscles to the globe, and 
the secondary fascial attachments to the 
fornices. 


In the following technique, the conjunc- 
tival sac is not foreshortened and the sur- 
gery is confined to the upper fornix where 
it has the least undesirable effect. In fact, 
when the eye has healed after surgery it is 
almost impossible to see any sign of surgery 
having been done. The only result of the 
surgery is a slight decrease in the size of 
the globe which allows for the insertion of 
a very thin shell prosthesis with a concave 
posterior surface without producing the 
appearance of exophthalmos. 

A description of the technique, which 
was shown in a film, follows: 

Technique——A transverse conjunctival 
incision 2 cm. long is made over the inser- 
tion of the superior rectus muscle. An 
identifying 00000 nonabsorbable surgical 
(silk) suture is placed in the tendon, and it 
is detached cleanly at the sclera. A trans- 
verse scleral incision is made about 2 mm. 
above the superior rectus insertion almost 
180 degrees around the upper part of the 
globe. If this incision is extensive enough 
the contents of the globe may usually be 
removed in one piece for a satisfactory 
pathological examination. A fairly long 
reverse-curve cyclodialysis speculum may 
be used to break the ciliary body attach- 
ment to the scleral spur around the inside 
of the limbus. Then, with a medium-sized 
bone curet passed around just outside of 
the choroid, the entire choroidal envelope 
may usually be removed in toto with the 
vitreous, iris, and lens in situ. 

The entire interior of the scleral envelope 
may then be inspected with a transparent 
tampon speculum * for any remaining uveal 
tissue, particularly around the nerve head. 
The corneal portion is everted, carefully in- 
spected, and cureted thoroughly to scarify 
it. The implant is then inserted into the 
scleral envelope. Three double-arm 0000 
absorbable surgical (gut) sutures are then 
placed from-within-out in the posterior 
scleral margin and brought forward to pass 


* Made by Fritz Gordon Laboratories, Detroit. 
Originally designed for use after enucleation for 
inspecting the cut end of the optic nerve. 
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through the anterior scleral portion about 
4 mm, from the margin to produce an over- 
lapping closure. The two side sutures are 
tied and cut, and one knot is tied in the 
central suture, which is just anterior to the 
superior rectus insertion. Each end of this 
suture is then brought through the superior 
rectus near the cut end and tied to reattach 
it. The black silk identifying suture in the 
tendon is removed and the conjunctival in- 
cision closed with a running mattress 
suture. The corneal surface is cureted thor- 
oughly to scarify it and reduce its sensi- 
tivity. A conformer is not used. Dressings 
are kept on for about three weeks, changed 
at five- to six-day intervals, and at the end 
of four weeks an artificial eye may be 
fitted. This should be a very thin shell, 
and the posterior surface should be concave 
throughout to fit the globe accurately with- 
out undue pressure any place, particularly 
in the corneal area. There should be no 
discomfort from the eye as it hugs the globe 
underneath. There is less secretion than 
after enucleation, and the prosthesis can 
usually be left in for a week at a time. It 
should be taken out once weekly for cleans- 
ing. 

The motility and general cosmetic result 
is considerably better wilth this type of 
evisceration because the fornices are not 
foreshortened as in enucleation or in evis- 
ceration with removal of the cornea. It 
allows more room for the margins of the 
prosthesis to rotate. The upper lid is also 
supported much better to avoid any depres- 
sion of the upper part of it, and there is 
little or no pressure on the lower lid. 

Complication.—Extrusion of the intra- 
ocular implant is almost impossible because 
of the four-layer overlapping closure. The 
scleral envelope is overlapped, the superior 
rectus is reattached. The overlapped ante- 
rior scleral layer and the conjunctiva is 
closed over that. No conformer is used, 
as it might cause a necrosis of the cornea 
by pressure between the implant and the 
posterior surface of the conformer. Fur- 
thermore, since the fornices are not fore- 
shortened, there is no necessity for using 
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a conformer. Sympathetic ophthalmia, leav- 
ing remains of an intraocular tumor, or 
spreading infection posteriorly to the cav- 
ernous sinuses or meninges are possible 
in ill-chosen cases. Pressure dressings used 
afterwards prevent swelling and any dis- 
placement of tissues from that cause. 

Contraindications—T here are definite 
contraindications for this procedure: 

1. Presence of a healed limbal or retro- 
limbal scar over two or three weeks old in 
which the ciliary body may be incarcerated, 
because of the possible development of sym- 
pathetic ophthalmia. 

2. Intraocular tumor (or the likelihood 
of its presence): Unilateral intractable 
glaucoma should always be regarded as due 
to a tumor unless this has been ruled out. 
Also retrobulbar transillumination should be 
carried out on the operating table after the 
conjunctiva has been opened, and if any 
defect in transillumination is found, tumor 
should be the presumptive diagnosis. 

3. Presence of an intraocular infection, 
acute or subacute, especially Bacillus pyo- 
cyaneus, tuberculosis, and Actinomyces, in 
which case the incision in the sclera should 
be left open for drainage and intensive 
measures taken to combat the infection. 

Indiscriminate use of any type of evis- 
ceration in place of enucleation should not 
be considered, but the use of this particular 
type of evisceration, when it is indicated, 
will provide a more logical approach. The 
problem is to provide surgically sound 
wound closure with better preservation of 
the depth of the fornices. With a well- 
fitting artificial shell the cosmetic appear- 
ance both statically and dynamically is 
better than that obtained by any type of 
enucleation. The normal appearance of the 
upper lid, the increased motility, and the 
lack of pressure of the eye on the lower 
lid are the main advantages. There are 
definite contraindications which should be 
observed. 

A modification of the original intrascleral 
implant technique employed by Burch is 
reported, with a discussion of the technique 
and advantages. 
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Comment: Utilizing an Intrascleral 
Implant 


ConraD Berens, M.D., and ARNoLD S. 
Breakey, M.D.: Hollow plastic intrascleral 
implants have been employed after eviscera- 
tion with corneal excision in 230 cases ob- 
served for from 1 to 16 years. 

Modifications of the original Rosa-Berens 
implant and in the technique seemed desir- 
able because of 5 failures in a series of 117 
cases. The modified Rosa-Berens hollow 
plastic intrascleral implant with steel mesh 
cap and suture grooves, made in adult, juve- 
nile, and infant sizes, was used in 113 cases, 
resulting in excellent motility and no post- 
operative complication in one to five years. 

Greater motility of the prosthesis is ob- 
tained after evisceration, with less enoph- 
thalmos and deepening of the supra tarsal 
sulcus, than after enucleation. Furthermore, 
a patient more readily consents to the re- 
moval of part of an eye than complete 
removal. 

Several ophthalmologists are employing 
a modification of the Burch technique of 
retaining the cornea, and, although a larger 
implant may be utilized to occupy the orbital 
volume, corneal necrosis has been reported 
in several cases where the cornea was re- 
tained. The fitting of a prosthesis must be 
infinitely more exacting where the cornea is 
retained than where the cornea is removed. 

Sympathetic ophthalmitis was not ob- 
served in this series of 230 cases or in over 
400 cases reported in the literature, with 
or without retention of the cornea. 

Both methods afford excellent motility 
and a near normal appearance, and where 
indicated, evisceration should be employed 
in preference to enucleation. 

Dr. WeNDELL HuGues: Where a choice 
is possible between evisceration and enuclea- 
tion, the former is becoming more popular 
because of better subsequent cosmetic ap- 
pearance of the artificial eye. The preserva- 
tion of the normal depth and movements of 
the fornices is the main advantage of the 
evisceration technique in which the cornea 
is left intact. A technique of evisceration 
which is a modification of that originally 


reported by Burch is presented, whereby an 
implant is inserted inside the eviscerated 
globe through a transverse scleral incision 
above the cornea. The superior rectus is 
detached and the incision made above the 
level of its insertion. The scleral wound 
above is closed by overlapping and the 
superior rectus reattached over the line of 
incision to aid in closure. Evisceration 


-with intrascleral implant is contraindicated 


after a healed injury through the ciliary 
body and where an intraocular tumor or 
infection is present. 


Discovery of Malignant Melanoma of 
Choroid After Evisceration: A Case 
Report. Byron Smitu, M.D., and Davip 
B. Sort, M.D. 


The purpose of this report is to record 
the study of a case in which the diagnosis 
of malignant melanoma was established by 
histological study of the eviscerated globe 
contents. 

A Caucasian man, aged 64 years, noticed 
the gradual onset of diminished vision of 
the left eye in April, 1958. One month 
later, he was advised by an ophthalmologist 
to use drops in the left eye for the treat- 
ment of glaucoma. The regular use of the 
prescribed medication was carried out; how- 
ever, the visual acuity of the left eye con- 
tinued to decrease, and the eye became 
congested and painful. The patient was 
first observed by us on June 1, 1958. 

The vision in the right eye was 20/70 
and correctable to 20/20. The right eye 
exhibited no internal or external abnormal- 
ities, except for a few small, pigmented 
areas on the iris. The patient advised us 
that these pigmentations had not changed in 
size, shape, or color. The visual field, 
gonioscopy, and tension of the right eye 
were normal. The cornea of the left eye 
was steamy in appearance. The conjunctiva 
and episcleral tissues were congested. The 
left pupil was partially dilated and fixed. 
The iris vessels were dilated. Numerous 
keratic precipitates were scattered over the 
lower half of the corneal endothelium. 
Density and edema of the cornea prohibited 
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the identification of floating cells in the 
anterior chamber. The angle of the anterior 
chamber was so shallow that gonioscopy was 
nonrevealing. The lens was edematous and 
opaque. The ocular tension was 60 mm. Hg 
(Schietz). Anterior transillumination failed 
to reveal any variation in density. 

A diagnosis of absolute glaucoma of un- 
known cause was made by us. The patient 
was admitted to the hospital for treatment 
and observation. Physical examination, lab- 
oratory studies, and a series of x-ray films 
provided no diagnostic signs of neoplasm. 
Radioactive phosphorus studies were not 
carried out. Antiglaucoma medication failed 
to normalize the ocular tension or eradicate 
the pain. 

In view of the failure of medical treat- 
ment and in consideration of statistical evi- 
dence that 4% to 11% of blind eyes with 
opaque media contain malignant melanomas, 
histological analysis of the ocular contents 
was advised. 

Under general anesthesia, on June 4, 1958, 
an incision was made through the con- 
junctiva and sclera, parallel to the equator 
of the globe in the upper nasal quadrant. 
A long cyclodialysis spatula was inserted 
to free completely the uvea from its scleral 
attachments. The incision was then ex- 
tended parallel to the equator from three 
o'clock to nine o’clock, anterior to the in- 
sertion of the rectus muscles. The uveal 
tract and its contents were removed in one 
piece and sent to the laboratory for im- 
mediate study. After thorough curettage of 
the internal surface of the sclera, an 18 
mm. plastic sphere was inserted. The sclera 
was closed with a continuous suture of 0000 
chromic catgut. 

Twenty-four hours later, the laboratory 
reported that the globe contents contained 
a dense, dark, firm mass histologically 
characteristic of malignant melanoma. The 
predominant cell type was of an epitheloid 
nature. 

Forty-eight hours after evisceration, enu- 
cleation was performed under general anes- 
thesia. The conjunctiva, including the 
wound, was removed along with the sclera. 
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An implant was not used because it was felt 
that a more accurate postoperative follow-up 
would be possible in the absence of a sur- 
gically placed foreign body. Tenon’s capsule 
was closed with four chromic catgut sutures. 
The conjunctiva was closed with 000000 
chromic catgut sutures. The postoperative 
course was uneventful. The patient was 
discharged from the hospital on the seventh 
postoperative day. 

Histological study of the optic nerve and 
Tenon’s capsule showed no evidence of 
neoplastic disease. The scleral shell showed 
no microscopic evidence of malignant mel- 
anoma. 

Three weeks after surgery an artificial 
eye was fitted to the socket. Repeated exam- 
inations have disclosed no evidence of re- 
current disease. Radioactive phosphorus 
(P8*) uptake studies, done on Nov. 5, 1958, 
showed 24% the first hour, 27.3% in 24 
hours, and 28.2% in 48 hours. The series of 
x-ray films taken on the same date were 
reported as normal. The laboratory con- 
sidered the report of the radioactive phos- 
phorous uptake studies essentially negative. 
Test for melanin in the urine was negative. 

Wilder and Paul (Mil. Surgeon 109:370, 
1951) reported a statistical study of longev- 
ity after enucleation for malignant mel- 
anoma. Eighty per cent died within five 
years. Dunphy (Am. J. Ophth. 44:313, 
1957) reported an over-all mortality of 
48% within five years after enucleation for 
malignant melanoma. Westerveld-Brandon 
and Zeeman (Ophthalmologica 134:20, 
1957) conclude from their studies that the 
prognosis of malignant melanoma of the 
choroid in persons beyond the age of 60 is 
so poor that enucleation is of questionable 
value. In a series of 210 cases studied by 
Wilder and Paul, it was concluded that the 
prognosis in malignant melanoma exceeding 
1,300 cu. mm. in size is more grave than 
it is in tumors of a smaller volume. The 
outlook in malignant melanomas of the 
spindle-cell type is better than it is in tumors 
exhibiting a predominance of epithelioid type 
cells. Reese (cited by Saunders, Tr. Am. 
Ophth. Soc. 50:375, 1952) has stated that 


SOCIETY TRANSACTIONS 


cases showing extrascleral extension prior 
to enucleation rarely develop orbital re- 
currence. His opinion is in accordance with 
others who believe that malignant melanoma 
cells gain entry into the circulation at an 
early stage of the disease. Metastatic 
growths are dependent upon the ability of 
the cells to undergo independent growth. 
The character of the cell is the determining 
factor, rather than the mere presence of 
the tumor cells in blood or lymphatic fluids. 
Metastatic growth of a malignant melanoma 
has been reported to occur as late as 36 
years after enucleation. Newton (Am. J. 
Ophth. 21:668, 1938) reported a case in 
which local recurrence occurred 14 years 
after enucleation. 

The prognosis in this case, five months 
after surgery, appears optimistic, if one 
considers the present physical findings only. 
An age beyond 60 years, the tumor volume 
of greater than 1,300 cu. mm., and the 
epithelioid type cell militate against a favor- 
able prognosis in this case. 

The influence of surgery upon the prog- 
nosis is more dependent upon the character 
of the tumor than it is upon the operation 
itself. 

It is our hope that this case report will 
stimulate surgeons to request early exami- 
nation of the contents of an eviscerated 
globe. The absence of tumor in the sclera 
and optic nerve brings forth the question 
of the possibility of complete removal of 
malignant melanoma of the choroid by 
evisceration. In our opinion, the relative in- 
frequence of malignant melanoma of the 
choroid and the questionable value of enu- 
cleation should encourage enthusiasm in a 
surgeon who prefers to do an evisceration 
instead of an enucleation in the apparently 
uncomplicated case. 

In our experience, the most satisfactory 
means of acquiring the optimum cosmetic 
result is preservation of the cornea, eviscera- 
tion, and intrascleral implantation of a 
sphere. 

Discussion 

Dr. CuHarLes A. PERERA: It looks as if 

the type of surgery done would have no 


effect on the progrosis of this patient, which 
is somewhat guarded, in any event. It seems 
evident from Dr. Smith’s study and from 
the literature that if there are metastases 
they are not related to the enucleation or 
evisceration but are the result of tumor cells 
which have escaped into the blood stream 
and have become implanted in different parts 
of the body where they may or may not 
survive. 


Enucleation—Recent Trends. Ricuarp C. 
TrRouTMAN, M.D. 


I have been asked to comment on recent 
trends of enucleation surgery. At the mo- 
ment, however, enucleation seems to be 
relatively unpopular. This is especially true 
of our present group with the possible 
exception of our discussor, Dr. McLean. 
I am reminded of a recent discussion at the 
American Academy of Ophthalmology and 
Otolaryngology during which one of our 
prominent eye-makers stated, when asked 
his opinion of the best enucleation technique, 
“We seem to have come the complete circle 
from gold ball back to gold ball again.” 
On a superficial examination of this prob- 
lem this statement would seem to be true. 
Most eye surgeons, who within the last 15 
years radically changed their approach to 
enucleation surgery, have reverted to our 
earlier less complicated procedures. In most 
instances they have completely given up their 
efforts to obtain any form of positive inte- 
gration of the implant with a prosthesis. 
At the present time it appears many have 
given up enucleation in a large percentage 
of cases in favor of evisceration. Other 
equally competent eye surgeons have refused 
for various reasons to have anything to do 
with the new implants at any time and have 
continued with simple enucleation technique. 
These are among the most fortunate of men, 
considering the problems that have arisen 
for those of us who have experimented in 
this field. 

About seven years ago, when the fever 
for implant surgery was running high, a 
symposium on implants and enucleation 
techniques was held at the American Acad- 
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emy. A number of us participated in this 
program. Among the group were Dr. Hughes 
and myself. We went to great lengths to 
show the advantages of the new implants, 
both of the integrated and buried types. 
My assignment was a national statistical 
survey of the use of the new implants, 
which, taken in light of our present-day 
thinking, should have taken us up short in 
1951 and made us reevaluate our position. 
However, we were too much carried away 
with ourselves and our immediate results 
to consider reevaluation. Even if we had, 
it is doubtful that we would have been able 
to convince the majority of ophthalmologists 
that they should not continue these tech- 
niques. Consequently, over the past seven 
years, numerous implants have been devised, 
all of them a variation of the basic theme 
originally set by Dr. Cutler and Dr. Ruede- 
mann. None of them employed any start- 
ingly new principles of lasting importance. 
All of them were essentially surgically un- 
sound seen in the light of the eventual 
problems they caused. 

In my opinion, however, all of the blood, 
sweat, and tears of the doctors and the 
prosthesis-makers and, last but not least, the 
patients were not in vain. First, I think 
enucleation has been established as a surgical 
procedure on a par with many of our intra- 
ocular operations. Today when the oph- 
thalmic surgeon approaches the case for 
enucleation he must consider not just re- 
moval of the eye but also the eventual 
cosmetic result to be enjoyed by the patient. 
To this end he exercises far more care in 
the selection and execution of the enuclea- 
tion or evisceration procedure than he did 
prior to the age of the integrated implant. 
Second, the patient himself has been made 
aware of the cosmetic problems to be en- 
countered after the removal of the eye. He 
in turn demands a better cosmetic result be- 
cause he suspects it can be obtained. He 
also demands that the ophthalmologist and 
the eye-makers cooperate during the post- 
operative period until a satisfactory result 
is obtained. Third, the ocularist (eye-maker), 
by reason of his having worked more closely 
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with the ophthalmologist during this period, 
has become more cognizant of the problems 
of the ophthalmologist, just at the ophthal- 
mologist has become more aware of the 
problems of the ocularist. He has been 
forced, albeit willingly, to improve his tech- 
niques in the production and fitting of eyes. 
He has come to practice more appropriate 
sterile techniques in his office through his 
close association with the ophthalmologist. 
It was not uncommon in the past for a pa- 
tient who had had an eye removed to be 
referred to an ocularist and never to be 
seen again by his ophthalmologist. I dare 
say that this is seldom true today. Because 
of this trend the ocularist has gained new 
stature in our profession, and because of 
this he becomes a more valuable adjunct 
to our total management of the patient. 
This has recently been demonstrated by the 
formation of the Society of Ocularists, now 
recognized by the American Academy of 
Ophthalmology and Otolaryngology, and by 
their participation in greater numbers in the 
commercial and scientific exhibits of the 
various ophthalmological meetings. 

It is difficult to discuss recent trends of 
enucleation surgery without going back to 
their origin to some extent. Enucleation has 
been with us as a recognized ophthalmic 
surgical procedure since the latter part of 
the 19th century. Both of the operations in 
common use today were devised at that time. 
Enucleation has enjoyed such a lowly posi- 
tion in ophthalmic surgery that no attempt 
was made to change these techniques until 
just prior to the Second World War. At 
that time Drs. Cutler and Ruedemann, the 
fathers of modern enucleation surgery, intro- 
duced, respectively, the Cutler-Basket Im- 
plant, which is the prototype of today’s 
buried integrated implants, and the whole 
eye restoration of Ruedemann, which is 
the prototype of the now-discarded exposed 
integrated implants. One other innovation 
was introduced by myself in 1949, in the 
integrated magnetic implant. This 
was an attempt to provide by means of 
magnetic attraction the advantages of both 
the buried integrated implant and the ex- 
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posed integrated implant with positive con- 
nection between the prosthesis and the 
implant. All of these implants were attached 
by some means to the extraocular muscles. 
The 1951 survey showed that 27% of all 
exposed integrated implants of the basic 
Ruedemann type were extruded or removed 
within five years. At the present time, 
though no accurate survey has been made, 
personal communications indicate that less 
than 10% of these implants still remain with 
the patients. The Academy survey indicated 
that the buried integrated implants ex- 
truded in 10% of the cases. This rate of 
extrusion has mathematically incréased, and 
again, though there are no accurate statistics, 
personal communications indicate at least 
25% have extruded or have been removed. 
In the case of the buried integrated im- 
plant, these statistics do not, in my opinion, 
have the same significance as the extrusion 
rate of the exposed implants. Many buried 
integrated implants have become exposed 
owing to poorly fitting prostheses. As we 
shall see, fitting is a critical factor in this 
type of socket. Once exposed by pressure 
necrosis as a result of poor fitting tech- 
nique, the once-buried implant follows the 
natural course of the exposed implant to ex- 
trusion or removal. If a buried integrated 
implant can be properly fitted with a 
prosthesis, one should have no higher ex- 
trusion rate than with a buried spherical im- 
plant. This is very well illustrated by the 
Allen implant, which has been used probably 
more extensively than any other single im- 
plant. At the State University of Iowa, 
where Mr. Lee Allen fits all Allen implants, 
95% of these implants are in socket and 
working well. In my own hands, however, 
where the making of prostheses is not under 
such close control, 15% have been extruded 
or removed. There remains a vast job in 
educating the ocularist in the fitting of 
buried integrated implants. Unfortunately, 
though their numbers are small, their tradi- 
tional differences are so great that a co- 
ordinated program has been difficult to 
bring about. This, however, is being im- 
plemented next year by courses within the 


instruction program of the-American Acad- 
emy, to which all ocularists will be invited 
to learn the new fitting techniques. 

In my opinion the greatest advances in 
enucleation surgical techniques are the fol- 
lowing : 

1. The more careful dissection of the orbit 
with accurate localization of muscles; the 
accurate dissection of the optic nerve and 
the use of the snare for sectioning. 

2. The positive attachment of the muscles 
to the implant or through the implant to 
each other, preventing migration of implants 
and facilitating motion. 

3. The more accurate dissection of Ten- 
on’s capsule and conjunctiva with layered 
closure of these structures, so as to afford 
maximum restoration of the cul-de-sac. 

4. The use of implants with better volume 
relations and shapes designed to enhance 
motion of the prosthesis. 

The most important advances in implants 
and prostheses are the following: 

1. New materials which are inert in body 
tissue, such as methyl methacrylate, poly- 
ethylene, tantalum, and stainless-steel mesh 
and clips. These are easily molded and 
worked, making possible new shapes and 
combinations of materials heretofore im- 
possible. 

2. The flattened anterior face of many 
implants, which, when fitted with a matching 
prosthesis in an ample socket, greatly in- 
creases the motility. 

3. The plastic artificial eye, which per- 
mits new shapes necessary to fit these new 
implants and which is more lifelike and 
durable. 

4. Socket-molding techniques which give 
the ocularist an accurate guide to socket 
shape and greatly aid in fitting the new 
flat-faced implants accurately. 

These advances have yet to be embraced 
by all with special reference to the fitting 
techniques. No attempt is made in most 
instances to confine spherical implants per- 
manently to Tenon’s capsule. In addition, 
since the implant is not attached to the extra- 
ocular muscles, it can and does become dis- 
placed between the muscles into another 
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area of the orbit. This often results post- 
operatively from improper fitting of the 
Snellen or reform prosthesis, which after 
months or years of wear gradually shifts 
position. Once this has occurred, the 
prosthesis is no longer cosmetically desirable 
and must be removed and replaced with 
another. The new eyes tend to be too small 
for good cosmetic effect or poorly shaped. 
If used in sockets with integrated implants, 
a prosthesis of the Snellen type cannot push 
the implant into another part of the orbit. 
Erosion, therefore, occurs at the pressure 
point(s), and secretion accumulates in the 
dead spaces. Ocularists are in many instances 
unaware of the type of implant fitted, since 
the surgeon, who should have great interest 
in this problem since he has performed the 
surgery, does not bother to inform the pa- 
tient or the ocularist of the size or type of 
implant. (Most stocks of artificial eyes are 
made in the same basic shapes as the old 
glass Snellen reform eye. These are emi- 
nently unsuitable for use with buried inte- 
grated implants. They are even unsuitable 
in many instances for use with spherical 
implants, since they do not exert even pres- 
sure on socket structures and also have dead 
spaces which allow secretions to accumulate 
and become infected.) The use of new 
socket-molding techniques gives the ocularist 
a guide to socket shape. It permits him to 
design his prosthesis in plastic to fit the 
socket, so as to eliminate pressure points and 
dead spaces. The ophthalmologist should 
demand, where economics and qualified per- 
sonnel permit, that his patient, no matter 
what type of implant he wears, be fitted 
with an eye in plastic designed through use 
of a socket mold. 
It is my opinion that the sphere may still 
be the most satisfactory implant for the 
average ophthalmologist, since it gives a 
minimum of operative and postoperative 
‘problems. If he wishes to improve his 
cosmetic results, however, and is willing to 
go through the trouble of working with a 
competent ocularist actively, he can obtain 
a much improved and more lasting cosmetic 
and functional result by using one of the 
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newer buried integrated implants attached 
to the extraocular muscles. Before he does 
this, however, he must be well acquainted 
with the capabilities of his ocularist and 
should insist upon knowing the experience 
the ocularist has had in fitting these special 
prostheses. 

One of the reasons for the present popu- 
larity of the evisceration technique, especially 
that technique which retains the cornea, is 
that the ocularist may be skilled in fitting 
contact lenses. This technique provides for 
a perfect fit of the socket by the prosthesis 
and affords a maximum cosmetic result with 
a minimum of postoperative problems from 
secretion because of the almost complete 
elimination of dead space. Motility is in- 
creased because the prosthesis is closely 
applied to the globe and remains in position 
on the globe. Superior lid sulcus is prevented 
because an adequate-sized implant is posi- 
tioned well forward in the orbit and cannot 
be moved out of its position. An eviscera- 
tion procedure essentially is an integrated 
buried implant, since it fulfills all of the re- 
quirements of the technique, except careful 
dissection of the orbit, which is not neces- 
sary. It allows for placement of a maximum- 
sized implant with ideal volume relation 
—best about 18 mm.—and provides a 
strong envelope attached to extraocular 
muscles so that the implant is retained in 
the ideal orbital position. I do not wish 
to steal any of Dr. McLean’s thunder; 
however, one of the greatest arguments 
against this technique is that it destroys 
pathological material, and, as Dr. Smith has 
pointed out in his case report, one may 
inadvertently encounter an intraocular tumor 
in the course of evisceration. Again eviscera- 
tion is essentially an intraocular operation 
and along with this should go approximately 
the same number of sympathetic ophthalmias 
one sees in the course of our standard intra- 
ocular procedures. Therefore, one should 
have in his armamentarium a good enuclea- 
tion technique which provides the patient 
with almost as good a postoperative ap- | 
pearance as can be provided by the eviscera- 
tion technique and will involve a minimum 
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of fitting problems. The implant used should 
not exceed the capabilities of the ocularist 
or the ophthalmic surgeon in question. For 
this reason, I still advise that the majority of 
enucleations be done with the spherical im- 
plants and only where circumstances permit 
should buried integrated implants be used. 
Evisceration technique, however, is simple 
enough and the fitting techniques well 
enough established by most ocularists that 
this procedure can be used as a substitute 
when feasible for enucleation with spherical 
implant or as a substitute for enucleation 
with integrated implant. 

I should like to show as an example of a 
good buried integrated implant that of Dr. 
Braley and Mr. Allen of Iowa. Their opera- 
tion and implant appear at the present time 
to have the most promise of being the choice 
for buried integrated implant. I am not 


completely satisfied at the moment with the 
performance of my superior rectus tunnel 
implant and will not advise its general use 
until more experience is obtained. The 
original Allen implant has been proven 


in practice, and, though there are some 
problems with this original model, I 
would consider it preferable at the moment 
to the latest design. The operative technique 
and initial statistical results will be published 
in the near future for those of you who 
wish to try this implant. 


Discussion 


Dr. Joun M. McLean: I find myself this 
evening cast in the role of the still small 
voice of conservatism. I hope it is not en- 
tirely a voice crying in the wilderness of 
evisceration stumps. I undertook this as- 
signment with some hesitation because I do 
not like to differ with my highly respected 
and very good friends who have presented 
tonight the case for evisceration instead of 
enucleation. However, I feel I cannot stay 
quiet when only one side of a question is 
presented. So I shall say a few brief 
words for enucleation rather than eviscera- 
tion. 

You have all heard the arguments for 
evisceration presented and illustrated very 


ably by some of the most enthusiastic 
eviscerators in the country, but to my mind 
all of these arguments can be summed up 
in four small words: somewhat better cos- 
metic result. Now the case for enucleation 
has many arguments. I shall take time for 
only three, two of which have been an- 
ticipated by all the speakers of the evening; 
the third has not been dwelt upon particu- 
larly by them. They are, of course, 
malignancy, sympathetic disease, and the ad- 
vancement of scientific medical knowledge. 

Now for malignancy: it is argued by the 
eviscerators that the mistake of eviscerating 
an eye containing a tumor should not be 
made. If you enucleate, of course, that mis- 
take cannot be made. That it can be made 
and is made was demonstrated by Dr. Smith 
this evening and is amply demonstrated by 
pathologic specimens in various laboratories 
throughout the country, including the Armed 
Forces Institute of Pathology. If enucleation 
of the globe is the best means we have of 
saving the patient’s life and if stirring up a 
tumor and pushing malignant cells into the 
blood stream is the best means we have 
of producing metastases, then the only ques- 
tion we must answer is how often are we 
liable to eviscerate a tumor-containing eye 
inadvertently. We are all agreed we do 
not want to do it on purpose. Though there 
are no adequate figures, we have some hints. 
A few years ago, Dr. Bernard Samuels 
made a study of unselected eyes enucleated 
for cosmetic reasons, and a surprisingly 
large number of these contained tumors 
which were neither diagnosed nor suspected 
clinically. If those eyes had been eviscerated 
instead of being enucleated, how many of 
those patients might have suffered eviscera- 
tion-death instead of enucleation-life? No 
one can answer that question, but on the 
side of conservatism I suggest that you think 
twice before eviscerating, because of the 
possibility of tumor. Dr. Hughes has men- 
tioned posterior transillumination as a very 
important safeguard if you must eviscerate. 

Second, the matter of sympathetic disease: 
certainly we know that sympathetic oph- 
thalmia is produced by a perforating wound 
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which damages uveal tissue, and what better 
description is there of evisceration than a 
perforating wound which damages uveal 
tissue? Dr. Berens has suggested that he 
has not found cases of sympathetic oph- 
thalmia in the literature. That is not sur- 
prising because, after all, this type of clinical 
error is not one which stimulates its per- 
petrator to publish a paper of confession, 
but cases of sympathetic ophthalmia follow- 
ing evisceration have occurred. Dr. Hughes, 
one of the proponents of evisceration, told 
me privately that he is aware of at least 
two. They did not happen to him, they 
happened to “Dr. Elsewhere,” and they were 
not cases he would have eviscerated, but 
they happened. So Point Number Two, in 
the interest of safeguarding the vision of 
your patient’s remaining eye, think twice 
before evisceration. 

My final point: the advancement of 
scientific knowledge. You are all aware that 
much of what we know in ophthalmology 
today was learned through study in labora- 
tories of enucleated not eviscerated eyes; a 
study of adequately prepared specimens. 
Now you have heard this evening that a 
specimen can be obtained from evisceration; 
Dr. Hughes has shown you some of his 
best. This is the best specimen that I 
could find from an evisceration (slide), and 
this, though not done by Dr. Hughes, was 
provided by one of the speakers of the 
evening. The pathologic report, after de- 
scribing in some detail this rather disorgan- 
ized mass of tissue, concludes “no definite 
diagnosis is possible.” I think when you 
look at the specimen you may sympathize 
with the man who wrote that report. 

The other slide which I would like to 
show you is one of an enucleated eye. Now 
the eviscerated specimen was obtained by 
an evisceration expert, one of the best. A 
specimen from enucleatic: can be obtained 
by the earliest beginner among the residents, 
and, as you are all aware, it can teach us a 
great deal from the careful, accurate, 
anatomic specimen it is. It just so happens 
in this particular case there was a small 
melanoma in the choroid, back near the 
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nerve. I do not know whether with an 
opaque lens or cornea such a small tumor 
would have been discovered by posterior 
transillumination or not. I venture to sug- 
gest I might have overlooked it. By posterior 
transillumination the experts might have 
picked it up, changed their minds, and 
enucleated rather than eviscerated. 

Therefore, in closing, as the voice of 
conservatism, let me suggest not that you 
never do evisceration but that before jump- 
ing on the evisceration bandwagon you 
think twice and think hard in the interest 
of your patient’s life, your patient’s vision, 
and the future of the knowledge of oph- 
thalmology as balanced against a slightly 
better cosmetic result. As the advertising 
slogan has it, “Don’t be half-safe!” 

Dr. A. Perera: Dr. McLean’s 
comments make it appear that evisceration 
sounds like a bad word. However, there will 
be no rebuttal, and I think the audience itself 
should be the judge and decide as to its 
preference for enucleation or evisceration. 
We have in the audience some ocularists, or 
prosthesis-fitters, and I wonder whether any 
of them wish to add a word. Mr. Bethke, 
from the Institute of Ophthalmology, might 
care to say something. 

Mr. Emit G. Beruxe: I want to compli- 
ment the speakers on having a very good 
understanding of the eye-maker’s point of 
view; it is gratifying to us in that line of 
business. In inquiring around, trying to get 
some information on fitting after eviscera- 
tion, I was told that a greater amount of 
ptosis occurred in the eviscerated eye; at 
least, that was the experience of my in- 
formants. I wonder whether Dr. Hughes 
or Dr. Berens has had any experience in 
regard to this. 

Dr. WENvELL L. Hucues: Dr. Berens 
says he has not seen any, and I do not 
believe I have either, Mr. Bethke. I do not 
know what the reason for ptosis would be 
after evisceration, except that too small a 
prosthesis was fitted. I do not see why 
there should be more ptosis after eviscera- 
tion than after enucleation. 
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News and Comment 


ANNOUNCEMENTS 


Courses at The Mount Sinai Hospital.—Columbia University is sponsoring 
* the following courses at The Mount Sinai Hospital, New York: 

“Gonioscopy and Tonography,” by Drs. Sylvan Bloomfield and Jules Yasuna, 
during October, 1959. 

“Ophthalmoscopy for General Practitioners and Pediatricians,” by Dr. Robert 
Coles, during November, 1959. 

“The Schepens Binocular Indirect Ophthalmoscope and Its Use,” and a dis- 
cussion of the indications for the various operations for the cure of detached 
retina. This course will be given by Dr. David Silver during December, 1959. 

For complete information in reference to the above courses, inquiries should be 
directed to the Registrar for Post-Graduate Instruction, The Mount Sinai Hospital, 
1 E. 100th St., New York 29. 

Symposium on Pleoptics in the Treatment of Amblyopia.—On Sunday, 
Oct. 11, 1959, at 8 p. m., the Annual Joint Meeting of the American Orthoptic 
Council and the American Association of Orthoptic Technicians will be held in 
the Waldorf Room of the Conrad Hilton Hotel. The subject of the meeting will 
be a Symposium on Pleoptic Treatment of Strabismic Amblyopia. Papers on the 
pathophysiology, diagnosis, and therapy of strabismic amblyopia, especially of 
amblyopia with eccentric fixation, will be presented by Drs. Gunter K. von Noorden 
and James E. Miller and by Misses Geraldine L. Wilson and Nancy M. 
Capobianco. Hermann M. Burian, M.D., will be the moderator. There will be a 
question and answer period at the end of the presentations. Anyone wishing to 
submit written questions is urged to send them ahead of time to Hermann M. 
Burian, M.D., Department of Ophthalmology, University Hospitals, Iowa City, so 
that adequate answers may be prepared by the panel. 


PERSONAL 


Dr. Albert E. Sloane.—-Dr. Albert E. Sloane, of Boston, established a 
Low Vision Clinic in the eye department of the Mayer de Rothschild Hadassah 
University Hospital, in Jerusalem, in September, 1958. 


CORRECTION 


“In the article entitled, ‘An Isopter in the Intermediate Field of Vision,’ published in the 
April, 1959, issue on page 130, the following three corrections should be made: (1) In the legend 
on Figure 1, the phrase ‘width of fixation on bowl’ should actually be ‘point of fixation on bowl.’ 
(2) In the same legend, ‘642 mm.’ should be ‘1300 mm.’ (3) In the legend on Figure 4, the 


word ‘arc’ should be replaced by the word ‘one’. 
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Books 


Acta. First Afro-Asian Congress of Ophthalmology, incorporating the 
Bulletin of the Ophthalmological Society of Egypt, Vol. 51, 1958, Cairo, 
Egypt. 

The first Afro-Asian Congress of Ophthalmology was held in Cario, March 
5, 1958. The Acta, which is the published account of the workings of the Con- 
gress, resembles in makeup that of the International Congress of Ophthalmology. 
In the 734 pages the administration and list of members are given. The statutes 
and meetings of the Council are reported, together with the meetings of the 
General Committee and the opening and closing ceremonies. The complete 
program of the Congress is presented in English and a résumé in Arabic, English, 
and French. Some of the discussions are also included. The main subjects were 
trachoma and the acute ophthalmias. Five symposia were held on glaucoma, 
cataract, atomic energy, endemic diseases of the Middle and Far East, and 
injuries of the eye. There were thirty-nine free papers. The printing and paper 
used are excellent, but the illustrations are only fair: they range from a few 
excellent ones to those which should never have been published, as they show 
nothing at all. 


As would be expected, the Afro-Asian Congress is composed of members 
from the United Arab Republic, Ceylon, India, Indonesia, Iraq, Jordan, Lebanon, 
Saudi-Arabia, Sudan, South Africa, Tunis, Thailand, and Turkey. In addition, 
the U. S. S. R. and the People’s Republic of China were not only in attendance 
but contributed heavily to the program. Surprisingly, there are two members 
included from the Philippines. There is an obvious absence of anyone from the 
Western world in either the membership or the program for free papers. 

The majority of the papers are well done, and there was a reasonable amount 
of discussion. It is interesting to see that the Russian, Prof. Eroshevsky, gives 
Grossfeld, Mashkovsky, Thygeson, Richardson, et al. credit for having established 
the stimulating agent of trachoma as a virus and, in his paper on goniopuncture 
and congenital glaucoma, credits Scheie as the first to propose the operation of 
goniopuncture. Eroshevsky finds the results of goniopuncture satisfactory and 
regards it as a useful procedure. 

On the other hand, there is the constant emphasis on national credit rather 
than personal credit in many of the articles. Although most of the world divides 
trachoma into four stages, the last of which is admittedly not true trachoma, and 
attention has been drawn to this frequently in our recent literature, Eroshevsky 
states, “In contrast to the other schools, the Soviet School divides trachoma into 
four stages... .” “There is a fourth stage of trachoma which, properly speaking, 
cannot be considered as such.” “In these last years the treatment of trachoma 
in the U. S. S. R. took a different direction. On the initiative of Professor 
Chumakov numerous observations were carried out in treating trachoma with 
new antibiotics; chloromycetin and sintomycin. . . .” “I cannot pass in silence 
over the prophylactic fight of trachoma carried out by the service of Public Health 
in the Soviet Union.” “The Soviet School shares other schools in considering 
the antibiotics valuable elements in the treatment of trachoma.” “The author 
describes the methods of prophylaxis of trachoma in the Soviet Union.” 

It is presumed that either love of country or pressure from outside must 
induce these Russian authors to pay continual obeisance to the flag; it seems 
strange and lamentable to find flag-waving in a humanitarian field. 


History of Ophthalmology. By George E. Arrington Jr. Foreword by Felix 
Marti-Ibanez. Price, $4. Pp. 174, including index. MD Publications, Inc., 
30 E. 60th St., New York 22, 1959. 
This little book on the development of ophthalmology irom prehistory to 
today makes delightful reading and serves as a useful orientation for those who 
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BOOKS 


are teaching. There are short chapters on the contemporary acceleration of oph- 
thalmic technology, contemporary medical concepts in relation to ophthalmology, 
and an evaluation of current trends anticipating the future. The author points 
out that while ophthalmological teaching today is generally aimed at producin 
“safe ophthalmologists,” the student should also be stimulated to be dissatisfi 
with the very techniques which he is taught to use in order to better them. He 
should also be taught “the heritage of ophthalmic science within civilization, in 
order to inspire his respect for the stature of the specialty and his aspirations to 
further its role in medicine and society.” 


System of Ophthalmology: Volume I. The Eye in Evolution. By Sir Stewart 
Duke-Elder. Price, $27.50. Pp. 853, including index, with 903 illustrations, 
15 color plates, and 350 marginal illustrations. The C. V. Mosby Company, 
3207 Washington Blvd., St. Louis 3, 1958. 

In a characteristically British understatement Sir Stewart starts the preface 
of this volume with the following words: “The reception accorded to by textbook 
of ophthalmology has persuaded me that there is a need for its continuation in a 
second edition.” The first four volumes of what is undoubtedly the greatest 
English text in ophthalmology have long been out of print and, as Sir Stewart 
says, intentionally so, because they have long been out of date. He has now 
addressed himself to the task of remedying this defect. 

This first volume is an amplification of the first twenty pages of Volume I 
of the old textbook and has been written by Sir Stewart as a labor of love in 
the true sense, in that it is a subject in which he is particularly interested. This 
is somewhat understandable in that it can probably be thought of as the philosophy 
of ophthalmology. While avoiding the minutiae of anatomy, histology, embry- 
ology, physiology, and biochemistry of the eye, it covers the form and function 
of the eyes as they are found in the animal kingdom. This is demonstrated by 
the divisions into which the book has been case, as follows: 


Part I. “The Effect of Light on Living Organisms.” This takes in the effect 
of light on metabolism, with a consideration of the effects of the cycle of da 
and night with its rhythm of changes in illumination on living creatures. 
chapter is devoted to the effect of light on movement and one to the effect of light 
on pigmentation. 

Part II deals with the evolution of the visual apparatus and starts with the 
simple invertebrate eye, coming up the scale of the lower vertebrates, cyclostomes, 
fishes, amphibians, reptiles, birds, and, finally, the eyes of mammals. A separate 
chapter deals with the central organization of vision. 

Part III considers the functions of the eyes of animals and contrasts the vision 
of the primitive forms with the final emergence of binocular vision in the higher 
mammals. 


Part IV gives consideration to a number of evolutionary by-ways which are 
indirectly concerned with vision, such as the pineal and the lateral line organs, 
rudimentary eyes, bioluminescence, and the electric organs of fishes. 

The picture of Charles Darwin appropriately occupies the front page. The 
text is written in Sir Stewart’s best style, illustrated ificently, and with an 
unusual addition of line drawings in the margins by Sir Stewart’s secretary, 
Miss Rosamund Soley, for whom some extraordinary kudos should be invented, 
since as Sir Stewart says, “She has typed and prepared the manuscript, corrected 
the proofs, and undertaken the immense and somewhat thankless task of verifying 
the bibliographies, prepared the zoological glossary and the index, and drawn the 
350 marginal sketches.” 

Unlike other books which must necessarily remain as reference works, this 
volume is one to be read by ophthalmologists, and not consulted. It is to be 
reserved for those moments when, the work of the day over, and with not too 
tired a mind, the ophthalmologist returns to his basic biological interests, which 
are necessarily as much a part of him as they are of any physician worthy of 
the name. 
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Atlas of the Ocular Fundus. By Prof. Dr. Oswald Marchesani and Prof. Dr. 
Hans Sautter. Price, $80. 275 illustrations, with 262 in color. Hafner 
Publishing Co., Inc., 31 E. 10th St., New York 3, 1959. 

This is an English translation of the “Atlas des Augenhintergrundes,” pub- 
lished by Urban and Schwarzenberg in Munich and Berlin, in 1957. The English 
translation has been prepared by Dr. A. Philipp, of Llanelly, Wales. 

This is a magnificent series of colored illustrations of the fundus oculi made 
by Mr. Saumer and Mr. Zeltmann at the Clinic in Tubingen. While the cost of 
the book is high, the plates are well worth this expenditure. They have no equal 
in the English language. 

Most of the conditions described are fairly common, and therefore the book is 
useful for all students of ophthalmology and should be in the library of every 
hospital devoted to residency training programs. Occasionally a plate is labeled 
with a diagnosis which at the best is questionable and does not represent the 
generally accepted typical picture—for example, Plate 46, entitled ‘“Neuro- 
retinopathia angiospastica”—the picture as shown here is a Grade IV hypertensive 
fundus and could be that of any of the hypertensive states, including the col- 
lagenous diseases. There are very few plates, however, which can be questioned. 
Each plate is accompanied by a description in English, French, and Spanish. 

Both author and publisher are to be congratulated for producing an atlas which 


so faithfully portrays the pathologic fundus. This is a real contribution to 
ophthalmology. 


Le Diagnostic précoce du glaucome débutant. By R. Weekers, E. Prijot, Y. 
Delmarcelle, G. Lavergne, M. Watillon, L. Gougnard, C. Gougnard-Rion, 
and J. Gustin. Price, not given. Pp. 209. Imprimerie Medicale et Scien- 
tifique, 67 Rue de l’Orient, Brussels 14, 1959. 

Part I of this monograph deals with the fundamental principles of physiology, 
embryology, and anatomy which are pertinent to the study of glaucoma. The 
principles of tonometry and tonography are discussed in the light of present knowl- 
edge, and methods of studying the visual function in patients with suspected early 
glaucoma are described. 

In Part II of the monograph the authors describe their own clinical approach 
to the study of patients with various types of glaucoma, both primary and sec- 
ondary. It is their belief that, for clinical purposes, virtually all glaucoma is the 
result of a deficiency in aqueous outflow. Ideally, the measure of the resistance 
to the outflow of aqueous humor would be the method of choice in the diagnosis 
of early glaucoma. Imperfections in tonographic methods for the measurement 
of outflow, however, prohibit its use to any great extent in clinical practice. 

Tonometry remains, according to these authors, the best single method for 
determining the presence or absence of glaucoma. The value of this method 
depends upon the utilization of a rigorously standardized Schiotz tonometer, ad- 
herence to the calibration table of Friedenwald, and the consideration of factors 
of ocular rigidity. The authors recommend the aplanation tonometer because it 
minimizes the effects of scleral rigidity. 

Other than tonometry, the authors recommend careful evaluation of papillary 
excavation and alteration of visual functions. It is their belief that serial photo- 
graphs of the optic discs may be helpful in determining the presence of progressive 
excavation. Perimetry is still the best method for determining the progression of 
changes in visual function. 

The authors finally urge routine tonometry in all patients over forty years 
of age and careful attention to the depth of the angle and to the presence of 
conditions which may result in secondary glaucoma. 
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OPHTHOCORT 


Substantiated by published reports of leading clinicians: 


- effective control * minimal disturbance 
of allergic of the patient's 
and chemical and psychic 
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inflammatory symptoms balance’ 


At anti-inflammatory and antiallergic levels Indications: rheumatoid arthritis; arthritis; respira- 
ARISTOCORT ‘ tory allergies; allergic and inflammatory dermatoses; 
) means: disseminated lupus erythematosus; nephrotic syn- 
freedom from salt and water retention drome; lymphomas and leukemias. 
Precautions: With artstocort all traditional precau- 
virtual freedom from potassium depletion tions to corticosteroid therapy should be observed. 
ney i ‘ Dosage should always be carefully adjusted to the 
negligible calcium depletion smallest which will 
s . patients have been on steroids for prolonged peri 
euphoria and depression rare discontinuance must be carried out gradually. 
no voracious appetite — Supplied: Scored tablets of 1 mg. (yellow) ; 2 mg. 
no excessive weight gain (pink) ; 4 mg. (white) ; 16 mg. (white). 
Diacetate Parenteral (for intra-articular and intra- 
low incidence of peptic ulcer synovial injection). Vials of 5 cc. (25 mg./cc.). 
low incidence of osteoporosis 


with compression fracture List of References 1-20 supplied on request. 
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The following articles from TODAY’S HEALTH are 
now available in pamphlet form. 


ALCOHOLISM IS A DISEASE. A discussion by the Chairman 
of the A.M.A. Committee on Alcoholism. by Marvin A. Block, 
M.D., 8 pages, 15 cents. 

I AM THE WIDOW OF AN ALCOHOLIC. Three articles 
combined. by Virginia Conroy, 16 pages, 20 cents. 

HOW EXPERTS MEASURE DRUNKENNESS. A partial 
transcript of an actual courtroom case. by H. A. Heise, 8 pages, 
15 cents. 

BARBITURATES, BOOZE AND OBITUARIES. A discus- 
sion of the dangers of mixing alcohol and barbiturates. by Donald 
A. Dukelow, 4 pages, 10 cents. 

TWELVE STEPS FOR ALCOHOLICS. A frank discussion of 
the meaning of an alcoholic behavior. by Richard Lake, 6 pages, 
10 cents. 


These articles are available in one pamphlet for 50c 


ALCOHOLICS ANONYMOUS. Written from the standpoint 
of a memper, the basic treatment procedures are described and the 
psychological problems confronting the alcoholic are discussed. 
ALCOHOL AND CIRRHOSIS OF THE LIVER. Relationship 
between alcohol, diet and cirrhosis. Increasing stress on nutri- 
tional differences. by Russell S. Boles. 

HOW TO HELP A PROBLEM DRINKER. Understanding the 
alcoholic’s capabilities, the necessity of help, causes of his con- 
dition. by Edward A. Strecker and Francis T. Chambers, Jr. 
‘THE TREATMENT OF ALCOHOLISM. Tracing the steps from 
convincing the alcoholic that he is sick through treatment and 
cure. by Lewis Inman Sharp. 

CONDITIONED’ REFLEX TREATMENT OF CHRONIC 
ALCOHOLISM. Its place among methods of treatment today, 
its development and correlation with personality factors, by 
Walter L. Voegtlin. 

INSTITUTIONAL FACILITIES FOR THE TREATMENT OF 
ALCOHOLISM. Comparative differences, in drinking, with the 
last century, new establishments and methods of treatment, lack 
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R CYCLOPLEGIA 
NEW ... FOR THE DARK BROWN OR BLACK IRIS .. . CYCLOGYL 2% WITH PVP— 


the special soothing base containing PVP (polyvinylpyrrolidone) permits use of a higher 
concentration, effective even in the most darkly pigmented iris. 


FOR THE BROWN OR HAZEL IRIS . . . CYCLOGYL 1% 
FOR THE BLUE, GRAY OR GREEN IRIS . . . CYCLOGYL 0.5% 


VALUABLE TIMESAVING — effective within 30 minutes — rapid recovery when a miotic 
is used.* 


MAXIMAL SAFETY «.. . no significant variation of intraocular tension has been reported 
...does not produce any undesirable local or systemic effects following repeated 
instillation ...it is relatively nonirritating and nonsensitizing ... animal studies show 
low toxicity. ..’’! 
INDICATIONS: Refraction. When both cycloplegia and mydriasis are desired in treat- 
ment of iritis, iridocyclitis, keratitis and choroiditis — preoperatively for cataract or other 
appropriate surgery. (Cyclomydril™ [Cyclogyl 0.2% with phenylephrine 1%] is indicated 
for diagnostic procedures and therapy requiring only mydriasis). 
AVAILABILITY: New Cylogyl 2% 7.5 ml. dropper bottle, 
2 ml. dropper bottle (prescription size) 
Cyclogyl 1% 15 ml. dropper bottle, 
2 ml. dropper bottle (prescription size) 
Cyclogy] 0.5% ml. dropper bottle 


SAMPLES AND LITERATURE AVAILABLE ON REQUEST CWhen 0 be 


recovery occurs within 24 hours. 
1. New and Nonofficial Drugs; J. B. Lippincott Company, Philadelphia, 1958, p. 243. 
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2 
4: 
i 
| 
201/ 
Re 


The SPHERCON is constructed to have 
the least possible effect on the exchange 
of precorneal fluid. It is constructed and 
fitted to allow minimal interference with 


the corneal metabolism. This lens is non- 


touching because it follows the central 


contour of the cornea and lies on a layer 


of tears. 


The fluorescein pattern shows how the 
SPHERCON allows the exchange of 


THE PLASTIC CONTACT LENS COMPANY 


MULTI-CURVE 


normal eye fluids on the surface of the 
cornea, and yet maintains its function as 
a contact lens. There is an even flow of 
fluorescein from a deeper layer in the 
periphery, through an intermediate layer, 
to a thin layer at the central optical area. 


Experiments have shown minimal 


corneal distortion and curvature changes 


“with the SPHERCON lens. 


Write for your Contact Lens Fitting Manual. 
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when the eyes have it 
There are five dosage forms of Neo-Synephrine 
hydrochloride especially formulated 
. for vasoconstriction and mydriasis 
in ophthalmologic conditions. 
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Decongestant 
collyrium for rapid y) glaucoma 
rélief of burning, D-SYNEPHE 
itching and 
smarting. 10°% solution (plain or viscous) 
and emulsion 
In uveitis: With atropine, for 
battles HYDROCHLORIDE freeing recently formed posterior 
- synechiae and preventing 
simplify instillation In glaucoma: For temporarily 
: reducing intra-ocular tension and 
for performing the provocative 
test for angle block. 
For use in surgery. 
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LABORATORIES + NEW YORK 18, N.Y. 
*Mono-Drop, trademark 


2 
3 
= 
4 
! 
| 
i 
| 


Top-Grade Technical Performance 


. - @ Safeguard for Your Professional Skills and 
Judgment. 
{Your prescriptions, conceived from your rich fund 
of scientific knowledge laboriously developed 
through years of study, training and experience, 
are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of 
Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 40 years 
of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


W. &£. DOW, Pres. 


Bloomington, Il. 


( 


A Complete Glass and Plastic 
Artificial Eye Service 


. .. with a guarantee of satisfaction 


FRIED & KOHLER, INC. G.DANZ & SONS EARLE SCHREIBER 


665 Fifth Ave. 240 Stockton Street 671 Broad St. 
Tel.: ELdorado 5-1970 SAN FRANCISCO 8, CALIFORNIA Tel; MArket 2-8376 
NEW YORK 22, N. Y. NEWARK 2, N. J. 


ERICKSON LABORATORIES GREINER & MUELLER 


302 Medical & Dental Bldg. 55 E. Washington St. 
Phone: 2-9175 Tel.: FRanklin 2-4449 
SEATTLE 1, WASHINGTON CHICAGO 2, ILLINOIS 


Our knowledge of shapes and colors enable us to create a superior product in every respect. 
We make custom-made eyes and provide perfect color matching. We match damaged or 
broken eyes accurately. We carry a large stock of eyes to provide quick service. 


Write the manufacturer nearest you for your next ocular prosthesis. 
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4. Segment and transition 
size deviation less than 
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quality and 
spherical 


of an inch, 


. 22mm usable segment with power 
jation less than .05 diopters (4 
‘on rings) — 40% more precise 

in industry standards. 


them with the 


YOUNGER-22 SEAMLESS LENS! 


This was the case last October when we offered 
to exchange all laboratory stocks of Younger 
Seamless Lenses manufactured prior to October, 
1958. 


A major breakthrough in quality and precision, 
achieved after twelve years of constant and 
continuous development, research and engineer- 
ing, has permitted the manufacture of a vastly 
improved, seamless dual-field lens with a full 
22mm usable segment with less than .05 diopter 
power deviation; a front surface accuracy to 
millionths of an inch and a segment-size devia- 
tion of less than .0125mm! 


Because of the unsurpassed quality of the new 
Younger-22 Seamless Lens, the decision was 


Write on your letterhead for a sample 

of the vastly improved Younger-22 Seamless 
Lens. There is no charge, but please give 

us the name of your independent supplier. 


made to replace all existing Younger stocks. 
We are grateful to the thousands of professional 
men who have continued to niensead the very 
acceptable Younger Seamless Lens during the 
period of its development; they know today how 
much better the new lens is! 

If you haven’t prescribed a Younger Lens since 
this past October, you are missing one of the 
most significant advances in lens manufacture 
of the past decade. 
Remember: you do not take the slightest risk 
when you do so, for if the patient cannot wear 
Youngers for any reason, your independent sup- 
plier will replace it with a fused bifocal of your 
choice at no additional cost. 


YOUNGER 


1829 SOUTH MAIN STREET 
LOS ANGELES 15, CALIF. 
Y-29 


INTERESTED IN A SIMPLE, DIRECT PRESENTATION OF THIS UNUSUAL LENS TO YOUR PATIENTS? WRITE FOR THE STORY! 
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This trial frame is a simple but sturdy and easily adjustable frame that is designed for 
rapid routine examinations over a long period of time. It will stand hard usage. Inter- 
pupillary distance is adjustable by means of a rack and pinion and the bridge height is 
adjusted by the same knob. Bridge may be locked. Temples are of spring steel to sup- 
port the frames in position. Protractor is black with white letters and there are two 
front and one rear pairs of slots for the trial lenses. In stainless steel. Price $29.50 


MATALENE 


SURGICAL INSTRUMENTS CO., INC. 


GRAND CENTRAL PALACE BUILDING—125 EAST 46th St., N. Y. 17, N. Y. 
SUCCESSORS TO E. B. MEYROWITZ SURGICAL INSTRUMENTS CO., INC. 


GRIFFITH-ROGERS TRIAL FR 


instrument. 
Price $18.50 


For the OPHTHALMOLOGIST and his associates in GENERAL PRACTICE. 
The two instruments complimenting the SCHIOTZ TONOMETER. 
BERENS-TOLMAN OCULAR HYPERTENSION INDICATOR 


ments or charts. 


or below that point. 


225 Cadwalader Ave. 


This instrument is a direct reading 
tonometer that needs no adjust- curacy of the Schiotz Tonometer. 


It is set to 25 mm. Hg. and shows 


instantly upon being applied to | The top of the instrument is 
the cornea if the tension is above | an exact 16 mm. radius test 


All metal parts are stainless steel | ated 0 to 20 same as the 
and are made exactly to the | Schiotz Tonometer. 
standards of the Schiotz Tonom- 


Available at all Optical and Surgical Suppliers 

Manufactured By 
R. O. GULDEN 
Schiotz Tonometer Standardization—Repair—Maintenance Service 


An ideal instrument for checking the readings of the 
Ocular Hypertension Indicator and the mechanical ac- 


block and the dial is gradu- 


Complete descriptive booklet is furnished with each Made to the same exact standards as the Ocular Hyper- 


tension Indicator. 
Price $25.00 


Philadelphia 17, Penna. 
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Harrington- Flocks 
Field Screener 


Introduced by Jenkel-Davidson in 1956, the Harrington-Flocks Visuai Field Screener has become 
standard equipment in leading ophthalmologists’ offices throughout the country. 


This Screener has proved to be remarkably accurate— and you can easily test a patient in three 
to five minutes! No special instructions are needed. Just press a button activating the black light flashes. 
What the patient sees on the various test cards indicates any loss in visual field, signaling the neces- 
sity of further tests for glaucoma and other diseases. 


Order today—take advantage of this new low price. 
Satisfaction guaranteed. Write or wire collect 


366 Post Street - San Francisco, California 
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An improved forceps designed to 
facilitate the placement of 
postincision sutures, and for 
closing traumatic openings in the 
cornea or sclera. 


CORNEOSCLERAL 
SUTURING 
FORCEPS 


by Wes. C. Thomas, M.D. 
Brunswick, Ga. 


Detailed description 

of use may be found 

in the A. M. A. Archives of 
Ophthalmology, December 1958, 
Vol. 60, pp 1109-1110. 

Sold only through authorized 
surgical supply distributors. 


Catalog No. 60L-2040 List Price $12.00 


From V. Mueller 


THE ONLY COMPLETE TONOGRAPHY UNIT 


Electronic Tonometer 
and Recorder combined in 
a single portable unit! 


Developed and built exclusively by V. Mueller. 
This portable Tonography Unit brings a long- 
needed, major contribution to modern tono- 
graphic research. The Tonometer is greatly 
improved, more rugged, less subject to inter- 
ference, and easier to read. Specially adapted 
large graph recording device. 

OP-9050 Mueller Electronic Tonographer TR. 
For 110 volts, 60 cycles, AC. Each, $895.00 


Improved Mueller Electronic Tonometer or Re- 
cording Unit EA are also available separately. 


Write for illustrated descriptive folder today 


JMUELLER CO. 


Fine Surgical Instruments and Hospital Equipment 


330 South Honore Street, Chicago 12, Illinois 
DALLAS @ HOUSTON e LOS ANGELES © ROCHESTER, MINN. 


208/ 


ge = 
\ 
| 
= 
ay 
ae 
=a 
— 


‘ow... a companion 
“to MOX" in Glaucoma 


Lederie 


Methazolamide Lederle 
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13 


The fong-term effectiveness of DIAMOX in glaucoma is now supplemented by that 
of NEPTAZANE. Both drugs are carbonic anhydrase inhibitors and act by limiting 
‘aqueous inflow...but not necessarily with equal effect in the same patients. 


In extensive trials nearly three-quarters of all cases subjected to long-term 
therapy responded either to DIAMOX or NEPTAZANE. 


In practice, DIAMOX should be used first. If results are not satisfactory, 
NEPTAZANE is then indicated and frequently successful. Either drug is usually 
employed with standard miotic therapy. DIAMOX dosage: one 250 mg. tablet 


every four hours. NEPTAZANE dosage: one or two 50 mg. tablets, two or three 
times daily. 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pear! River, New York - 
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_SHURON OPTICAL COMPANY 
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LAMINATED SAFETY LENSES 


Positive Protection in Any Correction... 


. » +» permit Eye Protection to assume its place as an important part of visual service and add 
safety to any ophthalmic correction. Motex Lenses finish to accurate curves, resist scratching 
and pitting as well as ordinary lenses, will not collapse from structural strain, and provide 
positive protection in any correction . . . even center-thin minus lenses. 


Motex are warranted to give satisfactory service for the life of 
the correction. Warranty slips are supplied with each pair of 
genuine Motex Lenses. 


OPTICAL INDUSTRIES 


INCORPORATED 


1701 GENT AVENUE 
INDIANAPOLIS 2, INDIANA 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 


HOUSE DUST ALLERGY 
by Karl D. Figley, 8 pages, 15 cents 


FOOD ALLERGY 
Of interest to you by Samuel M. Feinberg, M.D, 6 pages, 10 cents 
é SKIN ALLERGY 
and your patients by Samuel M. Feinberg, M.D., 6 pages, 10 cents 
ASTHMA AND HAY FEVER 

: by Samuel M. Feinberg, M.D., 6 pages, 10 cents 
THE MENACE OF ALLERGIES 
RAGWEED AND HAY FEVER 
by Oren C. Durham, 2 pages, 5 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET @ CHICAGO 10 @ ILLINOIS 
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STERILE 
BUFFERED 
ISOTONIC 
BACTERIOSTATIC 


CLEANSING 


~ 


STERILE 
OPHTHALMIC 
IRRIGATING SOLUTION 


Useful in industrial ophthalmology, regular office routine (dislodging foreign 
bodies, washing away fluorescein, removing secretions and purulent 


discharges, etc.), for contact lens practice (washing cornea and contact 
lenses before and after insertion) and for pre-surgical cleansing of the eye. 


Ingredients: benzalkonium chloride, boric acid, potassium chloride and sodium bicarbonate 


For literature and sample, write ® 
1SO-SOL COMPANY, INC. 


Lindenhurst, New York 


Pioneer Specialists in Sterile Ophthalmic Solutions 
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FROM START TO FINIS! 


You can be assured that your GUILD OPTICIAN uses only 
the finest materials to compliment precision workmanship. 
For the GuILD opTiciAN knows that skilled 
craftsmanship must be combined with superior 


materials. The result is the ultimate in precision eye wear. 
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PROFESSIONAL PHARMACAL CO., INC., PHARMACEUTICAL MFGS., 


GLAUCOMA THERAPY 


REDUCE INTRAOCULAR TENSION 
WITH 


‘OINOLNY NVS 


@ svxa 


SOLUTION 


bination of Pilocarpine HCI 
and Eserine Salicylate. It is an excellent example of 
therapeutic synergism. Because the effects of Pilocarpine 
HCI and Eserine Salicylate on the pupil are additive, the 
administration of MIOCEL is generally more effective 
than the instillation of either drug alone. The direct 
stimulatory effect of Pilocarpine HCI. n_ combination 
with the cholinesterase inactivatin ect of Eserine 
Salicylate results in rapid, intense, and oeilliaeed miosis. 
The special METHULOSE* base insures. uniform and 
comfortable distribution throughout the conjunctival sac. 
MIOCEL is extremely useful in the control and treatment 
f glaucoma and other where micsis 
desired. 


CONTAINS: ESERINE SALICYLATE % % AND PILOCARPINE 
HC! 2% IN A _ STERILE BUFFERED METHULOSE* BASE 
PACKAGE SIZE *Brand of Methylcellulose U.S.P. Reg. U.S. Pat Off. 
15 ce. Plastic Container Write for samples and literature. 
5 cc. Plastic Container 


PROFESSIONAL PHARMACAL CO., INC. Dept. A, 300 W. Josephine St. San Antonio, Texas 
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Prednefrin § means new relief in sight —for 
patients with inflammatory and allergic dis- 
orders of the anterior segment. Prednefrin S 
provides potent anti-inflammatory action 
(0.2% prednisolone) plus the advantages of 
immediate and prolonged decongestant ef- 
fect...in a lubricating, non-irritating, special 
solution—a solution which assures uniform 
concentrations, freedom from stinging or 
burning on instillation and virtual freedom 
from irritation for as long as therapy con- 
tinues. Taken together, the ingredients in 
Prednefrin S work together to safeguard sight 
—at the site. 


The complete Prednefrin S formula: predni- 
solone alcohol 0.2%, and phenylephrine HCl 
0.12% in a sterile, lubricating solution —for 
prompt control of inflammatory and allergic 


OPHTHALMIC SOLUTION 


conditions of the eyelids, conjunctiva, cor- 
nea, sclera, uveal tract and following thermal 
or chemical burns. 


Dosace: | to 2 drops two to four times daily. 
In initial 24-48 hours, the dosage may be in- 
creased safely to 2 drops every hour. 


Suppty: In 5 cc. plastic dropper bottles—on 
prescription only. 

Also Available ...Prednefrin® Ophthalmic 
Suspension—whenever the repository effect 
of a “solution-like” suspension and less po- 
tent anti-inflammatory action are indicated 
in the inflammatory conditions. 


(prednisolone acetate 0.12%, phenylephrine 
HCl 0.12%, methylcellulose 0.12%) 


ALLERGAN| |CORPORATION 
Los Angeles 17, California 
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